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PREFACE

The function of the coantrol unit in a digital system -
is to initiate sequences of micro—-operations which result in
ordered operations performed on datas stored im the registers ]
of the system. Yhen the control fumctioas are gonogatod by K
hardware using conventional lo;io design techaniques, the
control unit is said to be hard-wired. A second alternative
is microprogrammed coantrol which pays a2 penalty in speed but
is an elegant and systematic method for generating the
micro—operation sequences in a digital system. This thesis 51
discusses, in Complementary Metal Oxide Semiconductor (CNOS)

technology, the design of a microsequencer as part of a

microprogrammed control organization. e

The material inm this report is divided into five
chapters and 3 appendices. Chapter 1 provides an overview of
the microsequencer and explains some basic concepts of
microprogramming. Appeandix A provides a detailed functionmal e
description of the microsequencer including the functional
diagram of the microsequemcer and instruction set for the .
Programmable Logio Array (PLA), which comtrols the -
microsequencer logic. Chapter 1 and Appendix A can be read

together for a better understanding of the system. Chapter 2

-~
g

]
desls with macros, also called subsystenms, of the -
R
microsequencer. It includes the pin definitions and ﬂi

execution examples of the macros used to bduild the

|
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of macros consisting of fuactiomal sand logic diagrams,

.
IS

microsequencer. Appendix B provides s detasiled description -4
"
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iv

circuit schematics and floor plans of the macros. Appendix B
can be read im support of chapter 2.

Chapter 3, on circuits and 1layouts, provides the
basics of CMOS integrated devices, circuits and fabrication.
Appendix C, the ocell library, provides the truth-table,
logic equation (s), termimal information, logic diagranm,
cirocuit schematic and layout of every cell used in building
the macros. Appendix C supports chapter 3 and Appoidi; B.
Chapter 4 discusses the functional testing of the

microsequencer chip; chapter 5 deals with the next

generation microcontroller including suggestioms to modify
3 the present microsequencer so that it fits into a redesigned

k; microcontroller.

I would like to acknowlod;o the extensive help and
advice given by Dr. J. D. Trotter throughout this project as
-’ supervising professor. Thanks also to the other members of
ay committee which include Dr, W, A, Horafeck and Dr. R. C.

McCann. Appreciation is also given to Chris Jones for his

constructive criticism and helpful discussions.
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ABSTRACT
Gowni Shiva Prasad, Master of Science, May 1985 fi
N
Major: Electricasl Eagineering, Department of Eleotrical ;1
Engineering f;
Title of Thesis: Design of a CNOS Microsequencer ;H
Directed by: Dr. J. Donald Trotter ;d
-

Pagoes in thesis: 215. Words in Abstract: 128.
ABSTRACT

This thesis discusses the design of a CNOS

POy ORGP S Oy O

microsequencer used im a microprogrammed control B

organization. A preconcieved data path performs most of the

data manipulation faumotioas for an LSI computer system. The -
operations are performed as directed by sequences of coatrol :%

)
microinstructiens, which are fetohed from a microcode 1

" @4
LU . Y

memory using addresses gemerated by the microsequencer chip.

B

A Programmable Logic Array (PLA) is selected in lieu

Tl
.

of random logic to control the circuits within the

microsequencer. Extensive use has been made of clocked CMNOS

ol

]
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over classic CNOS to achieve higher 1layout density amd
better performance. The <chip has been designed using

scalable design rules which means it c¢an be fabricated in

1.2 miecrom or 3 micron technology. The design useos

double—-layer metal, oliminating the need for oeoxtensive

poly-interconnect lines.
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1.3 STEM TINMIN
This sectionm explains the timing associated with the

microsequencer, the data path, and the microstors.

Figure 1.4, TINING DIAGRANS
phasel
I~ l | | | I
i I | I | I
| [ | i | |
| i | | i+l | | i+2 | __
phase2
| | | I I~
| | | I |
| | | | |
| I S | I iv1 | li+2
1 2 3 4 5 6 7
1 : Microsequencer produces microaddress i.

2 : Microstore is sccessed for microimstruction i.

3 : Microsequencer produces microaddress i+l dats path
phasel transfer microinstruction i.

4 : Microstore accessed for microinstructiomn i+l; data path
phase2 execute microimstruction i.

S5 : Status transfer microinstruction i ( status transfer
from the data path to the microsequencer ).

6 : Microsequeucer produces microaddress i+2; data path
phasel transfer microinstruction i+l.

7 : Microstore accessed for microinstruction i+2,
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1 NMICRO T TION'S NEXT ADDRE ORMATIO - 4
2

~

The following list shows the next address -4

information of the microiastruction . ii

CD : 3 bit condition field to select ome of the status bits
in a2 multiplexer (MUX2) of the data path to generate -~

]

the test bit T. If the selected bit is equal to 1, the "4

[

T (test) bit is equal to 1; otherwise, it is equal to

0. "]

BR : 4 bit branch instruction field to execute ome of the \;

- 4

16 sequence control instructions, most of which are -
conditional depending upon the test bit (T), state of

the decrementer, or both. -4

ADF: an explicit address field so that it can be an
address source for MUX1 or a count (N) for 1looping

b
4
operations. -4
s
<

T is the test flag from the data path in phasel’®
phase2’ following phase2. The 5 bit op-code is the ‘1

macro-operation part of the machine instruction. "

e

. . .
s 8,

2

ool

Sooe e S e e e e - . I L P R
I SRR T SRR T T Sl S S S PP S I AP T U S VL SPAL PR R S




ME/RE AL AL Ao heshiie DA b A A U S S A VAP SLPL I P it Mt SN T T YT -~
Sl et T RS o R PPN e .....\...h...... TR M) o A e e T b N ._.4. 0 IR e
¥IININD3ISONIIN 30 WVHIVIO o018 €1 BanByy

(13SVHd NI) SS3H0OV  (23SVHd NIINOILINNLSNIOHIIMW

HVHODNONITH HOM4  JOV
- SIHILYT
21 et 4av
YILNIHIUINT - : A
| v ¥Ix3WILIN 7 —
"2t NJT8
0l 3 WV
T

7 (S3D MOVLS

¥3INNGD  d0O1
A L1G8+00AY o
N_\ﬁ\ 21 2t HLIN Sy
Q ¥3LNINIYIIC e
123135 S

aoH o
(SSHNIVLS Irm v 404 330
dvNn 48
avo SN
3N1LNOYENS (D INI/¥YITI S
vid| 2 e
LIB21+0N0M8 L o
T g Jf VIO NOTLONYLSNI ke

d0d *HSNd v u8 S
3003-d0 T
, o
. ‘4




L 0
e
e e e
P

6
A more flexible mapping scheme is ome that uses

another ROM or PLA to specify the mapping bits. In this

configuration, the bits in the macro-operation specify the ;i
address for the mapping memory. The conteats of the mapping i%
momory provide the bits for the control memory address. This ;1
ennles the placement of the routine, that executes the SE

macro—-operation, in any desired location in the microcode .
memory.

Another microcode address operation that could be
considered is & form of loop operation. This operation is

useful when sectionms of microcode are to be executed N

T PR .
P T DT OO S UL ey

times, where N ocan either be a constant specified im the %

microcode or be the result of a calculation done in the data

T
AT
y TP

N

path, However in the proposed coantroller the effect of the .-
data path on the controller is limited to the influmence of -

the flag information. The same ADF field of the previous

JNENEN ‘l'k £ty

microinstruction is used as an address source for MUX1l or as

a count (N) for looping. Only the 8 least significant Dbits

PPV RGP

of the ADF field are used for N. Ome way to implement this e

Aan

instruoction is to dedicate ome register to be the 1loop

counter sand to do conditionasl branches in the <controller

based on the result of decrementing the valome in that

register., With one loop counter, loops could not be nested,

'

ead loops could not be used inside of subrouvtines. With a

LIFO stack (also called as a push—-down stack), nested 1loops

]

et LT
.. LA
el o ek D

and loops within subroutinmes could both be accomodated.

Figure 1.3 shows the block diagram of the microsequencer,
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The disadvantage with this scheme is the restriction

of 27 microinstruotions per macro-operatiom. Since the

T
Y
Bk B

-y
()

number of microinstructions for a macro-operation is not

LR

known at hand, a different mapping scheme is used here, as %
shown in Figure 1.2.ii. This mapping scheme clears the seven %
most significant bits and transfers the 5-bit op-code into :?
the S least significant address bits. The mapped output (M) ‘i

PPy

becomes another address "source for MNUX1. This mapping

process provides more flexibility to the microprogrammer in

that the microinstructions for a macro-operation need not be

[

a4l Sl

placed in sequence.

3

Figure 1.2. MAPPING SCHENES
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is the jump or branchy so there should be some means of

loading possible address value into MUX1l, Frequently, many

.‘
At A a0

microprograms contain identical sections of code.

NMicroinstructions can be saved by employing subroutines that

Sy
-.a,.iL'L'

use common sections of microcode; o.g., the sequence of
micro—-operastions needed to gemerate the offective address of

the operand for a machine instruction is common to all

P WY W .

memory reference imstructions. This sequemnce could be a
ssbroutine which is called from within many other .routines
to execute the effective address computation. To provide
such microcode subroutine facilities, provisions must be
made for saving return addresses, which is most easily done
with a last-in first-out (LIFO) memory stack.

Referring to Figure 1.1, it is seen that the 1
microinstruction contains a field 1labeled ADF which may be :@
san explicit address by itself. This is one of the address f
sources for MUX1l. Another special type of branch exists when 1
a microinstruction specifies a branch to the first word of
s routine for a macro-operation in c¢omtrol memory. The
sddress bits for this type of branch are a function of bits
used in the operation <(op-code) part of the machine
instruction. e

One specific mapping process [6] that converts the
5-bit op-code to s 12-bit microprogram address is shown in
Figure 1.2.i. In this mapping scheme, the 7 loast
significant nddressv bits are <ocleared to zeros while the

5-bit op-code is tranmsferred. -

P .« . . . -
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In a microprogrammed controller, the design of the
control logic is reduced to emncoding soqu;ncos of ocoatrol
bit patterns to be stored, along with control memory address
sequencing information. The microcode REROTYy may be
implemented as either writable or Read-Only Memory (RON).
Each control word of the microcode memory is ocalled a
microinstruction and a sequence of words, which together
control execution of a macroianstructiom, is <called s
microprogram. The next address information of the
microinstruction and the test flag from the data path both
act as input datas to the microsequencer and the outputs of
the microsequencer are the microcode memory address lines.
The advantage of a writable ocontrol momory is the
flexibility of choosing the ianstruction set of a computer by
changing the microprogram amder processor comtrol. Figure
1.1 shows one form of 'y microprogrammed control
organization.

The purpose of a microsequencer is to preseat an
address to the control memory so that a microinstruction may
be read and executed. The next address logic of the
microsequencer determines the specific address source which
is to be used in fetching the next microinstruction. There
must be a multiplexer (MUX1l) which gates ome of the various
address sources to the <coantrol memory. The most common
address calculation is to increment the current address by
one; therefore the microsequencer should ocontain an

incrementer. The second most important address calculation

. N A
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CHAPTER 1 ~

.

MICROSEQUENCER OVERVIEY o

1,1, OVERALL CHIP DESCRIPTION :t
a3

ThoAprinary dats processsing module of a Large Scale e

Integrated (LSI) system is the data path chip [3]. The data

»

v
PUPO Y TS O W W

path is capable of pecforming a variety of operations on a
stream of data supplied from its intermal registers or from
its I/0 ports. However, the data path in itself is not a

complete system. An additional component is required to

Lo o
PN

supply the control bits that determine the functiomn of the
path during each machine ¢ycle. The overasll operations

performed on data within the data path aro determined by the

o e,

U
P AR . R
L !;“AL.AAAL_L

system controller.

A close examination of the comtrollers of typical

e e te

computers reveals the fact that every omne either 1is, or

MP RN Wi )

-, »
s s

contains within it, a finite state machine. This finite

state machine <can be implemented by a Programmable Logic
Array (PLA) or microprogram controller. It is often
desirable for the state machinme to be implemented in some .J
writable medium, rather than in the fixed code of a standard ]
PLA and thus patterned permanently in the silicon. Utilizing
an engineering prototype model for a computer is such an B

example application. It has beem decided to implement the

e

controller by nutilizing a microsequencer and a writable

control memory for this research effort.
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MUXSEL
N
NMOS

ocC

PCU
PLA
PMOS
RAN
RON
SA
SF
SI
SM

SPICE

Ss

VSB

VTP

w/L

ZD

Zp

LT ]
Pl Y WP

"

xvi

Multiplexer Select
External Count

N~Channel MNOS

Operation Code

Pass Signal

Program Control Unit
Programmable Logic Array
P-Channel MOS

Random Access MNemory
Read-Only Memory

Select A

Select F

Select I

Select X

Simulation Program, Integrated Circuit
Emphasis

Subroutine Stack

Test Bit from Data Path

Power Supply Voltage

Source—Body Voltage of an NNOS Transistor

Threshold Voltage of a PMOS transistor
Threshold Voltage of an NNOS tramsistor
Width/Length Ratio of an MOS Transistor
Microprogram Address

Output of the ZD ia DEC

Zero Detector

Output of the ZD im PCU
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XV

F Subroutine Stack Top
GND Ground (Zero Volts)
GRA Generate Random Address
I INC LOGIC output
INC Iacorementer
9 INC CAR CHAIN Incrementer Carry-Chain
ir INC LOGIC Incrementer Logic
& 1I/0 Input/Output
; I0P Incremonted output
IRAN Internal RAN
) 4 Kill Signal
L LCR output
LC Load Count
LCR Loop Counter Register
LCS Loop Counter Stack
LCS2 Second word of LCS
LD Load Decremented output
LIFO Last-in First-out
LL Load LCS2
i LSB Least Significant Bit
tf LSI Large Scale Integrated
: | Mapped output
# MD Output of the DEC MNUX
\ NoS ’ Metal Oxide Semicomdumctor j
- NSB Most Significaat Bit ]
7 NUX1 Multiplexer 1 'J

MUX2 Maltiplexer 2
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LIST OF ABBREVIATIONS o

._:d

Abbreviation Name }

:'.::

o9

A ADF Latches output X

1

ALU Arithmetic and Logic Unmit o]

ey

B Branch Field bit o

7

BC Byte Count -4

iy

5 BN Beta of an N-Chanmel tramsistor -
;_ BP Beta of s P-Channel Transistor }ﬁ
3 -3
. BR Beta ratio of an MOS8 inverter =
iy

E' c Clear/Count »
2 1
. cp Condition Field -
CIN Carry-in -

CNOS Complementary Netal Oxide Semicoductor f}

" COoUT Carry-out EE
L ’-l
g D DEC LOGIC output -]
*r DB Bi~-Directional Data Bus 3
: -~
k: DEC Decrementer Y
X DEC CAR CHAIN Decrementer Carry-Chain : 13
DEC I/P LATCH Decrementer Input Latch "‘

‘ -~

DEC LOGIC Decrementer Logio -

DEC O/P LATCH Decrementer Output Latch "

DIN Data-in -

DOP Decremented output ?i

Y

DouT Data-out iq

'3

DPFB Data Path Flag Bit -3

[

EX-OR Exclusive-OR ™

3
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1,4, PIN DEFINITIONS OF THE MICROSEQUENCER CHIP
This section presents the pin diagram of the

microsequencer chip followed by a brief description of the

For details of these pin definitions refer to <chapter

pins.

2 on macros.

Figure 1.5, PIN DiAGRAM OF THE MICROSEQUENCER CHIP
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DB (pins 1-4 and 17-24) is the 12-bit bidirectional

data bus which is used for Y in phasel and ADF in phsass2,

For DB (MSB,...,LSB) are (4,...1,24,...,17). Y is the 12-bit

microprogram address (microsequenc:r output) in phasel and

ADF is the 12-bit explicit address field of the

microinstruction which is the input to the microsequencer in

phase2. The 8 least siginificant bits of the ADF field <can

be a count for loopimg, where (MSB,...,LSB) are (24,...,17).

;' T (pin 3) is the test flag from the data path to the
b

t; microsequencer in phasel’'®phase2’ following phase2; BR (pins
x 6-9) is the 4-bit bramch imstruction field of the
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microinstruction which is the input to the microsequencer in

phase2. Pin 6 is the LSB and pin 9 is the MSB. OC (pins

10-14) is the 5-bit op-code from the machine instructiom in i
phase2. Pin 10 is the MSB and pin 14 is the LSB. i}
1

Note that pins 1-4 and 17-24 are shared by Y and ADF =
to reduce the pim count of the chip. They are the ADF inputs

to the microsequencer in phase2 and Y outputs ian phasel. e

Pins 15,16,29 to 32, and 33 ¢to 36 are not connected. +V is

the voltage supply and GND is the grouad.

1.5. INSTRUCTION PLA
Irregular combinational functions can’ be

conveniently mapped onto regular structures by means of

Programmable Logic Array (PLA). A PLA is selected in lieu of
random logic to control the circuits within the
microsequencer because the PLA is a regular structure and
combinational functions may be significantly changed without
requiring major changes in either the wesign or layout of
the PLA structure. The 4-bit bramch instructiom (BR) field
is used, im conjunction with the address field ADF, to
choose the next microimstruction asddress. The truth-table
for the instruction PLA (Table 1.1) is split into two parts,

table 1.1.i and table 1.1.,ii

(i) shows the result of each instruction inm ocontrolling the

multiplexer (MUX1) which determines the Y outputs, the

incrementer (INC), and the subroutime stack (SS).
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(ii) shows the comntrols to DEC MUX and Loop coumter stack
(LCS) in decroementer (DEC). Z is the output of the Zero
Detector (ZD) which ;hocks for all zeros in the output of
the Loop Counter Register (LCR). Z=1 if LCR has all zeros

and Z=0 if LCR has at least one bit which is high.

The binary equivalent of Table 1.1, which has to be
mapped onto the PLA, is given in Tables 2.6.i and 2.6:11.
found in chapter 2 with discussions of macros. The detailed
explanation of iastructiomns is given im Appendix A.
Truth-tables are shown on the following pages. The BR ‘field
is denoted by B3B2B1B0O and the following abbreviatioans are

used in the truth tables

IOP : Incrementer output ; A : ADF latches output ;

| : Mapped output F 8S stack top;

e
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TRUCTIONS FOR PLA

1.1;

T

Table 1.1.14
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Table 1.1.141i

L
Ak b Al

P
efaty e

BR T | zp | LOOP COUNTER| DEC | EQUIVALENT DECREMENTER] X
(B3- o/P| | | | e
BO) (z)| sSTACK (LCS) | MUX | OPERATIONS | >
lo I x | x | PpusHE I LC | LOAD A ZERO COUNT -
T |°X HOLD* -— | HOLD THE DECREMENTER -
T
2 X X HOLD® - HOLD THE DECREMENTER ;f
3 0 X HOLD* | ~- | HOLD THE DECREMENTER
X { PUSH ’ LC { LOAD A COUNT (N) I
4 X 0 | BHOLD | Lb | DECREMENT ]
! ! X ! 1 = POP } LL l POP THE STACK } -
I™s I'x | o | mBoLD |"LD | DECREMENT I 1
| : X : 1 i POP : LL { POP THE STACK
6 : X : X : HOLD* ; - = HOLD THE DECREMENTER
.
I 7 : X { X = HOLD® : -—— { HOLD THE DECRENENTER l )
8 = X { X = HOLD* = — : HOLD THE DECREMENTER N
! 9 : X ! X : PUSH l Lc } LOAD A COUNT (N) I R
710 I’ X | X | BoLD* | == | HOLD THE DECREMENTER -4
| | | | | | -
4
The output of the multiplexer DERC MUX is equal to :;
the oexternal count N if the control LC is high, decremented =]

output DOP if LD is high, and the second word of the 1loop

counter stack LCS2 if LL is high. At any one time only one - 4
of the controls LC, LD and LL, to DERC MUX, is active. If
there is a blank in the DEC MUX field, then all the coatrols s
to DEC NUX are low. Decrement is equivalent to loading the :ﬂ
decremented output with LD high while holding the LCS, n
excluding the stack top (HOLD). HOLD® holds the whole stack .
in its place. The actual controls issued by the PLA to the s
stacks are different. For details of these controls and how
the stack operatioms are performed using these controls,
refer to chapter 2 on macros.
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CHAPTER 2

FUNCTIONAL DESCRIPTION OF MICROSEQUENCER MACROS

2,A, INTRODUCTION

This chapter deals with the following macros
(1) Incremeater
(2) 8-word by 12-bit subroutinme stack (88)
(3) Decroementer with zero detector (ZD) and 4-word by 8-bit
loop counter stack (LCS)
(4) Map Logic
(5) Multiplexer 1 (MUX1l) implemented as a bus structure
(6) Instruction PLA with latched inputs and buffered
outputs (some of the outputs being gated).

(7) ADF Latches

Bach macro is described separately and explained
with respect to its pin diagram. Also included are execution
examples of different macros with simple logic diagrams. For
details refer to Appendix B which c¢ontains the goeneral
description, functional and logic diagrams, floor plan and
the ocircuit schematic of each macro. Since the logic
involved in the macros - Subroutine Stack, Nap Logic; MUX1,
ADF Latches and Instruction PLA - is simple, oanly the
F incrementer and the decrementer are explained with execution
é‘ examples. The decrementer is explained in two parts: (i) DEC -

- LOGIC and (ii) the complete macro,.

; Switch representations have been used in place of
# transfer gates in 1logic diagrams and sometimes in ocircuit

b, schematics for simplicity. The analogy bDetween different
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types of switches and the corresponding transfer gates is

shown below in Figure 2. s

IN 7 OUT —— IN [ 1 ouT

. e
IN /p . ouT IN T

{

ouT

IN So ouT — IN

Figure 2. SWITCH REPRESENTATIONS

The type of the switch is denoted by the letter
inside the switch; p stands for PNOS, n stands for NMOS, and
¢ stands for CMOS. VWhatever the type of the switch is, the
switch is closed if the control signmal ‘s’ is high (logic 1
for positive logic). S can be s single variable or a boolean
exproession. GND is the ground (zero volts), VDD is the
voltage supply, phasel and phase2 are two non-overlapping
clocks as shown in Figure 1.4 in chapter 1.

Pins 1, 2, 3, and 4 have been reserved for supply,

ground, phasel, and phase2, respectively, in all pin

diagrams for the sake of consistency. To simplify the
'SIGNAL DEFINITIONS' section, the above mentiomed pims are f"
not explained again in the remainder of this chapter. Note

that the data is valid during the time shown within the ?f
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parentheses in the abbreviation column of all the

definitions. Refer to Table 2.1, signal defintions of

incrementer, where Y (phasel) in the abbreviatiom ocol

mesns that the =microprogram address Y is valid iamn ¢

phasel. Bit '0’' is the LSB and bit ’'11’ is the MSB for

data pins except for decrementer data where the MSB is

'7' since the data is only 8-bits wide as opposed to

12-bits wide datas in all other macros. Also OC, is the

4

congsists only of

of the op-code field simce the op-code

bits.

The oclocks are buffered wherever needed dut the

buffers sare not included in the pin diagrams or 1lo

diagrams since they do not affect the logical operation.

details of the circuits and 1ayouts, refer to chapter 3

the cell 1library. The genmeral carry-chaim circuit

explained before discussing the incrementer and

.carry chains.

IT

It has been decided to implement the

possible Manchester—type <casrry ochain havimg the

propagation circuit as shown in Figure 2.a.
The carry

from carry—in (CIN) to carry-out (COUT). The carry chain

precharged high by pMOS transistors, and propagates a

carry signal which it can do quite rapidly. Three

sare used to control the carry-out of each stage. The

is the phaseP’
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with the carry-out of each stage. The secomd is the
carry-kill signal, which simply grounds the carry-out
through an nMOS transistor, and a phaseE nMOS evaluation
device. PhaseE is the same signal as phaseP’' and it is nused
to make sure that the kill transistor is off during the
precharge period. The third is the pass transistor that
causes the carry-out to be equal to carry—-in. There is no
oevaluation device added for the pass transistor since both
the source and drain of the nMOS pass transistor are
precharged high so that the transistor is off even if the
input to the pass transistor is high.

The carry~kill (K) and the carry-propagate (P)
signals are doerived from the inputs to the incrementer or
decrementer as explained below and the exact implementation
of incrementer and decrementer carry chains are explained ip
the respective macros. In fact it has been found [5] that
nearly all interesting ocombinations of <carry-in and the
input signals can be generated using the propagate, kill and
the carry-in from each stago. Thus the carry chain can be
visualized as s logic block, as in Figure 2.b, with three
inputs (carry-kill, carry-in, and carry-propagate), four
outputs (propagate, kill, c¢carry-out and carry-in with
propsgate, kill and carry-in passed through), and a
precharge control signal phaseP’.

The carry chain is a part of the normal ALU which
can be reduced to incremenmter or decrementer fumctioms by

designing the necessary functional! blocks to (i) combine the
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input variables to form the propagate and kill signals, and

1

(ii) combine the propagate, kill and carry-in to form the

required output signal (inmcrement or decrement). These steps

.-..
-9
R <

4

as implemented in the incrementer and decrementer designs
are explained bdelow,

The coding for ALU operations that are commonly
found useful shows that for adding two inputs A and B, P is
the EX-OR of A and B; K is A’'B’. The output is the EX-OR of
P and carry-in. To increment a number A, choose B to be all
zeros and let the carry—in be equal to 1. This reduces the
propagate signal (P) to be equal to the input A and kill
signal (K) to be equal to A'. To decrement a number A, B is
chosen to be all 1's and the carry—-in as 0 so that the
propagate becomes A' and kill becomes 0 which means the kill
block is not required for the decrementer c¢arry ochain.
Buffers are interposed in the carry chain occasionally to
minimize the propagation delay of the carry through the
entire carry chain. After several SPICE * simulations it was

been decided to interpose the buffers every fourth stage.

¢ SPICE is sasn acronym for Simulation Program, Integrated
Circuit Emphasis,. It s a gemeral-purpose circuit
simulation program for nonlinear dc¢, nonlinear transieant,

and linear ac analyses,
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2,1, INCREMENTER (INC) Li
This section shows the pin diagram of the

incrementer followed by the signal definitionas of the "

incrementer. An execution example is also preseanted at the %

end of the section, to illustrate the logic involved im the ﬁl

incrementer.

Figure 2.1 PIN DIAGRAM OF THE INCREMNENTER

phase2 ----- >=4) (5}( _____ e
phasel -—-—-~ >13) |
| INCREMENTER | 12
GND --—-~ >12) (6-17{-—/--) 10P
+V - >11) | 12

(18-29,(--/-— Y

Table 2.1. SIGNAL DEFINITIONS OF THE INCREMENTER

PIN
NO(S) ABBREVIATION NAME FUNCTION
6-17 Y Microprogram Microseguencer output
(phasel) address which is the input to
the incrementer. Pinm 17
is the LSB. Pin 6 is the
NSB.
18-29 I0P Incrementer The inmcrementer output
(phasel) output (IOP) is one of the four
address sources for the
microprogram address(Y).
Pin 29 is the LSB., Pin 18
is the MSB.
5 c Clear/ Control signal from PLA

(phasel) Increment to the incrementer. When
high forces the IOP low.
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2.1,.4 CUTIO XAMPLE

.
A

Refer to Figure 2.1.i for the execution example of

PR
TP RS N )

70 e, %0t

the INC LOGIC.

Instead of 12 bits only 4 bits have been comsidered

Iy

el

for the sake of oxplamation. Let the vslue Y = Y3 Yz Yl YO =
1010. The incrementer comsists of an input latch, INC LOGIC
(consisting of incrementer carry chain and EX-OR), and an
ountput latch. The inputs (Y) to the carry chain are sanp;bd 5
in phasel, the INC LOGIC is evaluated in phase2 with the - d
output of the INC 10GIC (I) latched snd available (as IOP)
in the next phasel. According to the switch level

representstion, as shown in the figure, the precharge signal

(phaseP) for the INC CAR CHAIN is phase2’'. But according to

RPN -:‘:'v"
TR W ORGP Un B B 2 R

the transistor representation the signal that comtrols the ]
gate of the pMOS transistor is phaseP’ which is phase2. The
LSB of the INC LOGIC is reduced to that of a simple inverter

snd a phasel nMOS switch is added as shown in the figure to

T
s N
e
P Y

make sure that there is no path to ground (im case Po is .0

o1 T, e
. e

in phasel) during the precharge period. This is not required

at other stages since both the carry—-in and the <carry-out

R
[P

A

are precharged high.
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b
VDD P ] COUT3=CIN4
I "
K3 W"‘
n
b, —Y
Pa = ] 8]
D5 T‘ A P I3¢D
VD PN T /L/
Y=1010 n
P=Y=1010 ke w
K=Y=0101 L
2 i
5 — 12 ¢ ]
. ®
K1 j” )
Y2 9

Y \n 1
|

T —) 1<

PP

VDD N

; T 0 ] .

PO D2y Dy 10¢D ]
Figure 2. 1. 1. Exacution Exampla of INC LOGIC ’
o
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(iii) The switching threshold voltage of a <classic CMOS .

inverter [2], VINV, at which point VIN = VOUT, is given by

the following equation:

VDD + VTP + VIN(BR**1/2)

(1 + BR**1/2)

where VTP and VIN are the p~channel and n-channel threshold

voltages respectively, VDD is the power supply voltage, BR

is the ratio of BN (beta of the n-type tramsistor) to BP

(beta of the p-type transistor). The inverter switching

point can be changed by changing the relative aspect ratios

of the devices. The inverter can detect a 'l’ input faster

if the n-type device is larger than the p—-type device, which

means the beta ratio shonld be larger. It can detect a 'O’

input faster if the P device is lsrger thamn the N device

i.e. the BR is reduced.

The process used in fabricating these CMOS devices

is a p-well process. The general procedure is to start with

a8 p-well on an n-~substrate and then synthesize

devices in the p-well and p-type devices on the n—substrate.

The source-body jumction (na+p junction in NMOS devices and

p+n junctiom in PMOS devices) is reverse-biased to restrict

the flow of carriers to the channel between source and drain
[2].
Figure 3.1.i shows an NMOS device where the body is

usually connected to groumd., The source-body voltage is

denoted by VSB and is non-negative for NMOS devices. The

threshold voltage of NMOS transistor is givem by the

n-type
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CHAPTER 3

MICROSEBQUENCER CIRCUIT STYLES AND LAYOUTS

This chapter provides the basic descriptioms of
devices, circuits and fabrication. Basic circuit <concepts
are explained first, followed by a discussion omn clocked
CMOS and then illustratiag some special circuit
applications. Finally, the floor plan of the microsequencer

is discussed.

3.1, CIRCUIT CONCEPTS

This section discusses some of the basic CMOS
circuit concepts which have been applied in designing the
microsequencer. For details of all the circuits and their
corresponding layouts, refer to the cell library in Appendix
C. It is nuseful to understand the following points while

dealing with circuit design from the device point of view:

(i) The ratio (W/L) of the width, W, to the length, L, of
the MOS transistor gate is sometimes referred to as NOS
transistor 'aspect ratio’'. The gain of ¢the transistor is
proportional to the gate aspect ratio, and so is the speed
of the logic circuits formed using MOS transistors.

(ii) The product of K'(W/L) is referred to as the
'transistor gain factor’, B (beta). K' is the ’'process gain
factor’' which is approximately 2 to 3 times greater for NMOS

devices than for PMOS devices.
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2,7, ADF LATCHES

This section contains the pin diagram of the ADF
Latches along with the table of the signasl definitions.

Figure 2.7. PIN DIAGRAM OF THE ADF LATCHES
| [

phase2 —---=>|4) | 12
| ADF (5-16|<--/-- ADF
phasel ---=>[3) |
] LATCHES | 12
GND —--->=z) (17-23’---/-—) A
+V —===>1) |

Table 2.7. SIGNAL DEFINITIONS OF THE ADF LATCHES

PIN
NO(s) ABBREVIATION NANE FUNCTION
5-16 ADF Explicit 12-bit ADF field of the
(phase2) address microinstruction which
field. is sampled in phase2.
Pin 16 is the LSB. Pin §
is the MNSB.
17-28 A ADF Latches Stable ADF Latches output

(phasel) output in phasel. It can be an
explicit address source
for MUX1l or & count for
the decrementer. Pin 21
is the NSB if it is a
count; Pin 17 is the MSB
if it is an address
source. Pin 28 is the
LSB in both cases.
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2.6 STRUCTI ) d

This section consists of the pin diagram of the
instruction PLA, table of the signal definitioms, and the
binary equivalent of the truth-table for the instruction
PLA (Table 2.6.).

Figure 2.6. PIN DIAGRAN OF THE INSTRUCTION PLA

[ | 4
T === >16) (71-10l¢--/-—- BR
| | 4
Z ————- 15 (11-14]---/-=> CONTROLS TO
| | MUX1
phase2——-—— >|4) INSTRUCTION | 4
| (15-18)~--/--> CONTROLS TO
phasel ---->=3) PLA : ss
8
GND ---=>|2) (19-26|~---/--> CONTROLS TO
| | DEC
+V -===>|1) |
| (27} ~=m=—- > CONTROL TO
| | INC

Table 2.6. SIGNAL DEFINITIONS OF THE INSTRUCTION PLA

PIN
NO(S) ABBREVIATION NAME FUNCTION
5 Z ZD output Zero detector output,
(phase2) which is an input to PLA,
6 T Test bit Test bit comes from the
(phase2'® data path. Set by the
phasel’) status register
according to the 3-bit
condition (CD) field of
the microinstruction. T
is one of the imputs to
PLA in phasel.
7-10 BR 4-bit 4-bit branch instruction
(phase2) branch field from the
field microinstruction. Selects

one of the 11 sequence
coatrol iastructions,
most of which are
conditionsal on 2 or T.

NOTE : The comtrols have already been explaimed in
conjunction with other macros of the microsequencer.
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This section contains the pin diagram and the signal

definitions of MUX1.

Figure 2.5. PIN DIAGRAM OF NUX1

SF  ————- >=1) MULTIPLEXER 1 (8|(¢-——-- SN
12
SI  -———- >16) (9-20|¢~--/-- 10P
I (MUX1) I 12
SA  ————- >15) (21-32|¢--/-- F
| I 12
phasel -~——-- >13) (33-44]<-/-— A
| 12
GND ~——-- >12) (45-561<-/-- X
| 12
+V  ————- >i1) (57-68[--/--> ¥
| |
Table 2.5. SIGNAL DEFINITIONS OF NULTIPLEXER 1
PIN
NO(s) ABBREVIATION NANME FUNCTION
57-68 Y Miocroprogram MUX1 output, which is the
(phasel) saddress microsequencer output.
45-56 | Mapped Msp Logic output, which
(phasel) output is an address source (N).
33-44 A ADF Latches Stable address source
(phasel) output for MUX1 in phasel.
21-32 F SS output S8 Stack top (F), which
(phasel) is the return sddress.
9-20 I0P Incrementer Sequential address.
(phasel) output
8 SM Select M MUX1 selects the Mapped
(phasel) output (M).
7 SF Select F MUX1 selects the return
(phasel) address from SS (F).
6 SI Select IOP MUX1 selects the output
(phasel) of the incrementer (IOP).
5 SA Select A MUX1 selects the ADF
(phasel) latches output (A) .
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Assume that a couat ‘N1’ is loaded into the DEC at
microprogram address 10 and let the RFCT instructiom be at
locations 16 and 19. MNicroinstruction at address 12 is
executed and at 13 a new count 'N2' is loaded for loop 2,
pushing the previously loaded count onto the stack. Refer to
Figure 2.3.iii, which shows the nesting.

Loop2 is executed (N2+1) times since zoero detection
is done prior to decrementation as explained in the
instruction set sectionm of Appendix A, VWhen the &exit at
loop2 occurs, the microprogram control falls through 17 to
19, Since N1 is decremented once, the coatrol goes back to
address 11 to execute loopl. When the ocontrol goes to
address 13, the count N2 is puzhed onto the top of the stack
agsin but this time pushing the decremented couant (N1-1)
onto the stack. In this way Loop2 is executed (N1+1)*(N2+1)
times. Refer to Appendix A for the eoxact sequence of
execution of branch instructions.

2.4, MAP GIC

This section consists of the pin diagram of the MNAP
Logic slong with the table of the signal definitions.

Figure 2.4. PIN DIAGRAM OF THE MAP LOGIC
| | 5

| MAP (5-9|¢<--/-- oC
GND -~--=)>|2) |
| LOGIC |
| | 12
+V --——>=1) (6—17}--/--) |

Table 2.4. SIGNAL DEFINITIONS OF MAP LOGIC

PIN
NO(s) ABBREVIATION NAME FUNCTION
5-9 ocC Operation Macro-operation part of
(phase2) code the machine instruction.
(op-code) Pin 9 is the LSB. Pin §
is the MNSB.
6-17 | | Mapped The Map logic converts

(phasel) output the 5-bit op-code into
a 12-bit Mapped output
by vlearing the 7 most
significant bits and
transferring the 5-bit
op-code into the 5 least
significant positions.

.......
.........

A A A Y \{ -13;." N G B C R N T S L U R O T,




29

T YT Y Ty W v w e w— = vl

N ana 2

HJLY

Vid o3 ,

Z, .anm

IN

wn
(&)
- 3

ma\m

“

(MON)
az

Jmmu\

b

d0d d/0

30|

C e = e ma =

31901

J3a

..:u\

Yedg

Shigs

25371

P

<=

(42 HIlv1 230

NA_WU

aA_ﬂ
>
A

- a,— N
1

o)
o |

Jejuswausag jo e1dwox3 uoijznaax3y

‘11°g 2 aunbry

XNW 230

.......

.
’

. ‘
v 4 '
o
. 3
. [N}
S A
A
,-. ‘.~..
. ’
. o
]

.
. o,
- 1
. S
. [}
' -A
PR
v s
. o
. n]
" N
’ e
’ (
. ..n
RN
]

.
o

z, vn._

A 4
. '
—.. L] b-
L
. ,,..1
.. ...--L
T N ».L
.-- ll

s
.A. --l




........ R At et Dt e s a0 ¥ e
Nt AL A L A M Mt e MO Pl A i At ted S Sk el e s ana g o e —

..

.

28

e e
L‘ VLG W

¢, j\ COUT3=CIN4
VDD P2

- I R
. !x LA AU BTSN
LN S Sy 24 2 2 4

P3 n
A D3¢1) %

, -1

voD p\cb2 j 1 " 1

P2

1 R

L=N=1010 ’ Y, -
1 -

P\qD ;

P=L"=0101 VOD

Pl \n 0
L D1
' 0

VDo p@ n@z

PO Doj
pocL

O

3

IO
‘_‘AAA‘_“A.L At &

I

et

il

-
~
Y ‘I

Figure 2. 3. . Execution Example of DEC LOGIC

...........
........
........................
..................

', .




A e B N YUV N T YN TV Ty Ty v T et M had
R A e A B i Y G Tt W " M Rl AT AN AN AL A SUL SAS Sl /A S a3

27
2 C MPLE OF DEC 1
Refer to Figure 2.3.i.
DEC LOGIC consists of DEC CAR CHAIN and EX-OR as
shown in Figure 2.3.i. Instead of 8 bits of the count only 4
bits are considered for explanation. Choose L = L3 L2 L1 Lo
= 1010 and L3' Lz' Ll' Lo' = 0101. The <carry chain is
precharged in phase2’' and evaluated in phase2. The LSB is
modified to reduce the 1logic to a simple inverter and a
phase2 nNMOS switch is added to disable the path to grouad
which qiy exist if the LSB of L is O when it is sampled in
phasel. .
2.3 XECU EXAMPLE OF DECREM R (DEC
Refer to Figure 2.3.1i1i.
ZD is a NOR gate whose inputs are the 8 bits of LCR
(L). The 4 main operations of the decrementer are LOAD, HOLD
(HOLD. holds the whole stack inm its place), DECREMENT (load
the DOP back into the DEC while holding the stack, excluding

the stack top), and POP as shown below

ACTIVE CONTROLS FOR DEC

OPERATIONS
FOR LCS STACK FOR DEC MUX
OPERATION
LOAD the DEC phnselFL LC * phasel
(with an external phaseZFL PUSH
count)
phasolBL . -_—
HOLD the DEC phaselB BOLD
LS
phtsoZFL
DECREMENT phasolBL HOLD LD * phasel
phuseZFL
POP ph;selBL POP LL * phasel
(the whole stack) phnsezFL
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16 phaselF LCS phasel s o
(phasel) forward
Subscript 'L’
17 phase2F LCS phase2 indicates a control
(phase2) forward signal from the PLA to
the loop counter stack
18 phaselB LCS phasel which is & push-down
(phasel) back stack similar to SS.
The loop counter stack's
19 phase2B LCS phase2 first word (stack top)
: (phase2) back is different from that
. of SS and has a special
; 20 phaselB Stack top control phaselB for
. (phasel) control for the stack. This control
[ LCS is used with the other
o four stack controls to

control the LCS. The
subscript 'L’ in sll
these control signals
shows that they are
associated with LCS.

p 8-15 N External The 8 least significant
- (phasel) count (N) bits of the ADF field of
. the microinstruoction are

used as couant for
looping. Pin 15 is the
LSB. Pin 8 is the MNSB.

b 21 Y4 Zero The ZD checks for all

= (phase2) detector zeros in the output of
.r (ZD) output loop counter register

1 (DEC LATCH ia DEC). Z is
F high, when the LCR has

all zeros. Z is one of
the inputs to the PLA.
LD is high as long as

;. Z is low, i.e., LCR # 0.
[ The stack operations are performed as oxplained below :
b
PUSH : phnsolFL high in phasel with phaseZFL high ia
phase2.
POP : phaselB, and LL high in phasel with phaseZBL

high in"phase2.

HOLD (To hold the stack excluding the stack top) :

phaselB, high in phasel with phase2® high in
e Dhasel. ‘

HOLD (To hold the stack imcluding the stack top) :
phaselB, and phaselB s high in phasel with
phase2F, high in phase2.

CLEAR: PUSH a zero.
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2 D Z D_4-WORD - DEC
The following section contains the pin diagram of
the decrementer, table of the signal definitioms, and
an oxoecution example illustrating the decremeanter logioc.

Figure 2.3. PIN DIAGRAM OF THE DECREMENTER

| | 8
LC -—-->:1) nxcxxunnran(s-15=<--/- N

LD -—--)’6) VITH ZERO (16’(—--— phaselF
LL --—->=s) DETECTOR(ZD) (17=<---- phase2F

phase2 ---->:4) AND 4-WORD nr(1a=<---- phaselB

[ N S o o

phasel -=-=>|3) 8-BIT LOOP (19|¢(---- phase2B

GND ---->{z) COUNTER (2o=<---- phaselB; ¢

+v ---f>‘1) STACK (LCS) (21=----> z

Table 2.3. SIGNAL DEFINITIONS OF THE DECREMENTER

PIN
NO(s) ABBREVIATION NAME FUNCTION
6 LD Load Control signal from PLA
(phasel) decromenter to decromenter. VWhen
output (DOP) high, loads the DOP
back into the DEC.
(Internal operation.)
7 LC Load extermal Coatrol signal from PLA
(phasel) count (N) to DEC. When high, loads
count N into the DEC.
5 LL Load second Control signal from PLA
(phasel) word (LCS2) to decrementer. When
of LCS high, loads the second

word of the LCS into the
DEC LATCH. (Internal
operation.) Stack top

is the first word.

NOTE : Decrementation is performed unconditionally but the
decremented output (DOP) is 1loaded if LD is high. LC, LD,
and LL are select <controls for the DEC MNUX (ia DEC) which
selects betwveen the extermal count (N), ¢the DEC outpmt
(DOP), and the second word of the LCS (LCS2) to be 1loaded

. into the loop counter register (LCR) of the decrementer.
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2 UBR T

This seoction oconsists of the pin diagram of the
subroutine stack along with the signasl definitions.

Figure 2.2. PIN DIAGRAM OF THE SUBROUTINE STACK
| |

phasolF ————- >18) 8-worDp BY 12-BIT|
] (81¢-—=~-- phase2B
phaselB ——-—- >l6) SUBROUTINE |
| (11 ¢===—- phase2F
GND ———~- >12) STACK | 12
| (10-21|¢--/-- I0OP
+V —emem >11) (88) | 12

(22—33}--/--> F

TABLE 2.2. SIGNAL DEFINITIONS OF THE SUBROUTINE STACK

PIN
NO(s) ABBREVIATION NAME FUNCTION
10-21 IOP Incrementer Input to the subroutine
(phasel) output stack. Pin 21 is the
- LSB. Pin 10 is the MSB.
.- 22-33 F Subroutine . The S8S output (Stacktop)
= (phasel) stack (S88) which is the return
- output saddress. Pin 33 is the
Ff LSB. Pin 22 is the MSB.
] phaselF phasel L .
(phasel) forward phaselF, phase2F,
: phaselB, phase2B are the
b 7 phaselF phase2 control signals from
' (phase2) forward PLA to subroutime stack.
phasolF, phaselB are
6 phaselB phasel active in phasel; and
(phasel) back phase2F, phase2B are
active in phase2. The
5 phase2B phase2 stack operations PUSH,
(phase2) back POP, HOLD, CLEAR are
performed as explained
below :

PUSH : phaselF high in phasel with phase2F high in phase2.
POP : phaselB high in phasel with phase2B high in phase2. K
BOLD : phaselB high im phasel with phase2F high in phase2. -
CLEAR: PUSH a zero.

-----------
.............................
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equation VI = VIO + (VT where VT is a functiom of VSB and d
X
p-well doping, VIO is the threshold voltage with VSB=0, -
<
G (Gata) 2
| ]

S (Sourcea) ‘ D(Brain)

-

B (Body, P-Well for NMOS)

U W e

Figure 3.1.1i. NMOS Davice

The source of the NMOS device can go up to one
threshold below the drain voltage when both gate and drain
are tied to +V. As the source voltage increases, VSB
increases, causing an increase im VI. Also VT is high for
higher doping density of the p-well. (The doping of the
p-wel]l has to be sufficient enough to overcome the substrate
doping [2])). Due to these reasons the effective threshold
voltage rises with an increase in the source voltage. This

phenomenon is called body-effect. Hence the source~follower

mode, where the output is the source, is undesirable with

NMOS devices in a p-well process. Care has been taken in

POV PPN RO

this project to operate the devices in common source mode

il

whoere NNOS devices are used for discharging and PNOS devices

Rt
oY
are used for <charging, thus reducing the body-effect -q
9
problems. Y
A
-
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Unless otherwvise stated, the W/L ratio of all the

devices (both p—type and n-type) is chosen as 2:1, with L=2
lambda being fixed for the technology. Lambda is the basic
unit of length measurement in doing layouts and is equal to
the fundamental resolution of the fabricating process itself
[S]. This «ratio has been chosen as s compromise between
transistor—-gsain and layout-deasity. If the W/L ratio is more
than 2, the layout area increases; if it is less tham 2, the
gain decreases [(9]. The 1latches used throughout the design
are classic CMOS D latches [9]. Refer to Figure 3.1.ii for a
logic diagram. Iaput D is sampled when switch S is <closed
and latched when switch H closes. The output Q is stable
when the feedback switch is closed. For the circuit
schematic and layout refer to the cell library in Appendix
C. Circuits are buffered wherever possible to achieve better
voltage transfer characteristics and 1larger noise margias

than unbuffered gates.

3 MOS

The problem with classic CMOS is that it requires a
pair of transistors for each gate input. Refer to Figure
3.2.a for an 8-input classic CMOS NOR gate which requires 8
n—-transistors and 8 p-transistors. Moreover, the series
combination of 8 p—transistors results in very slow circuit
operation. Therefore a clocked version of CNOS [7] is nused
in the design which achieves higher 1layout deansity and
better performance. Since dynamic (clocked) techniques are

utilized, careful considerations of charge splitting (7] are
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observed. The signals in NOS devices are stored as charges
on capacitors. Charge splitting is a phenomenon of signmal
losses due to the ocharges split by parasitic capacitaaces,
which are invariably present in MOS devices. Figure 3.2
illustrates two different versions of clocked CMOS gates
which wuse parallel connected NMOS devices. (There are
several other versioms [7], but only those unsed in this
design are discussed.) There are two families of <clocked
CMOS : the ripple variety without the evaluation device, and
the gated variety which responds to an evalmation signal.
Note that a-type logic is.complementary to p—-type logic,
i.e., parallel p-typ; logic NAND gate is equivalent to a

series n-type logic NAND gate, and vice-versa.

3,2.4, NGs CIRUIT

Figure 3.2.i shows ome versionm of the gated variety
of clocked CMOS <called the 'NGa’ type circuit simce it
refers to the gated variety, and the fact that its imputs
must be driven from am ‘active’' sosroimg ostpst to prevent

charge splitting. As illustrated ia the figure, the outputs

driving this gate must be able to supply curreat from the

EE- positive supply for a ‘1° isput whes thbe evaloation devioce
E? is torned on. During precharge the output 5f the NGa gate is
E precharged high. One iaput is ©pressmed to bde precharged
tg high, resultiag ia the (commos) sources of the logic devices
;% being precharged high to withia one threshold delow +V. The
Q: channel is only weskly induced ian this case. VWVhen the
Ej evaluation device is turmed om, the sousrce node is pulled to
éh
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ground with coupling through the full gate capacitance to

. L_.A A’A A‘ ‘A'A L'A;A'l

the input nodes.

Note that if there is no active source for <charging
this coupling capascitance, then the input signal level is -
pulled toward ground, reducing the effective drive of the

input. The magnitude of this signal 1loss depends omn the

effective node capacitance of the input and the c¢ouplinag
capscitance of the gate. A classic inverter or a P-gate can

supply the necessary current to provide the full input drive

voltage. Note also that the evaluation device can be shared

with other NGa gates.

3,2.3i, NGe¢ CIRCUIT

Figure 3.2.ii shows the other version of gated
variety ocalled an 'NG¢’ type oc¢ircuit which has the
evaluation device between the output node and the common
drains of the logic -devﬁces. The ’'c’ in NGc refers to the
fact that for 1large fan-in. the circuit requires a large
capascitance at the output node to minmimize charge splitting.

During precharge the output is precharged high and the

common drains of the logic devices are presumed to be
discharged low. If the inputs are subsequently discharged to

ground and then the evaluation device is turned on, only the

-
l

? output capacitance can supply the curreant to charge the 74
g ::’
: common drain node which has a large capacitance on it. The S

resulting charge splitting may reduce the ouput signal to an "J

unacceptable level; e.g., if the output is driving a simple

inverter (minimum fan-out) and the fan-in is large, then the
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large effective capacitance on the common drain node may
well dominate the small load <capacitance, leading to
effectively less tham 'l’' output. Both the versions, NGa and

NGc, provide the NOR logic fumction.

3.2 P

Dual versions exist in the P-Gate type but the logic
function is NAND, rather than NOR, since parallel p-type
logic is equivalent to series n-type logic [9]1. PGa type
circuits are similar to the NGa forms from a circuit point
of view with parallel P devices used instead of parallel N
devices; the output is p&oehar;ed low by an &-t:ansistor and
conditionally pulled high by a P-transistor. Refer to Figure
3.2.iii for a PGa circuit. The principal problem with the
PGa type c¢ircuit is that it cammot supply a good ‘1°
(greater than the switching threshold of the next stage) at
th; output if not driven from an active source. The PGc type
is shown in Figure 3.2.iv and requires a large <capacitance

at the output node to avoid charge splitting.

3 IRCUIT APPLICATIO
This section discusses only special circuit
applications intended to illustrate some of the concepts

presented in the preceding sections.

3,3.1, CARRY CHAIN

The general carry chain concept has already been
oxplained in chapter 2 on macros, and the INC/DEC carry

chains are explained in detail in chapter 2 and Appendix B:
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so the circuit diagram is not presented here. It has been :
montioned in chapter 2 that the buffers have been interposed
every fourth stage of the carry chain to minimize the
propagation delay. This has been verified by SPICE
simulation. Also, the aspect ratios of the devices used in
the carry chaim played an important role in determiming the
propagation delay. Simulations of the carry chain indicated
that the propagation delay redaces with an increase im the
W/L ratios of the pass transistors. The W/L ratio of the
pass transistors has been chosen to be 3:1 simce increasing
the W/L ratio further increases the imput capacitance on the
pass transistors which will subsequently load the latches
that drive the carry chain.

The main problem encountered with the carry chain,
8s already mentioned, is the propagation of the '0’ signal.
The BR of the first inverter used in the buffers, interposed
every fourth stage im the carry chaim, is decreased (larger
P device) so that it can detect s '0"signal flster. The BR
of the second inverter im the buffer has a high beta ratio
(larger N device) so that it can detect a ‘l’' signal faster.
The output of the buffer is the carry-in to the next stage.
This reduces the delay relative to buffers having regular

W/L ratios (2:1).

3.3.ii. ZERO DETECTOR (ZD)
The ZD used in the decrementer is an NGa type as
discussed earlier in the chapter. Refer to Figure 3.2.i for

this circuit diagram. The ZD is an 8-input NOR gate which
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checks for all zeros in the loop counter register (LCR). The
NGa version has been <chosen since the LCR (DEC LATCH)
provides the active inputs for the gate. Refer to Figure 2.3
of the decrementer in chapter 2 for the interface betweon
LCR and ZD. Note that this is a clocked NOR gate which uses
8 n—-transistors (in parallel), one p-type precharge device
and one n—-type ovaluation device as opposed to the <classic
CMOS NOR gate which requires 8 n-transistors and 8

p-transistors.

3.3.iii. Programmable Logic Array (PLA)

The basic PLA comcept has been explained in chapter
2 and Appendix B. The discussion which follows is on the
input/output circuitry for the PLA., Since the inputs needed
to be stable by the time the evaluation device is turmed on,
they are saapled in the appropriate time and are stable in
phasel, as explained in the PLA macro of Appendix B.

The iaputs to the PLA must be complemented to drive
the AND-plane. An imitial decision was made to gate the
inputs to the AND-plane in phasel (make them active) , as
shown in Figure 3.3. This was domne to precharge the
AND-plane inputs low, which drive series n~-type devices, so
ss to turn them off during the AND-plane precharge period.
Hence the evaluation device cam be delsted to reduce the
number of n-transistors in series and thus reduce the delay
ia the AND-plane. However there sre charge splitting

considerations with this scheme.
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Refer to Figure 3.4.i for the interface between the
AND-plane and the gating devices. During the precharge
period the output of the AND-plane is precharged high by the
p-type device and all the inputs to the AND-plane are
precharged low by the gating dovice; Let us assume that by
the time the evaluation device is turned on, the inputs
ABCDE are 11100 so that all the series N tramnsistors are on
except the two least significant ones; and the NAND gate
output should be '1’, Assume that node X did not get
charged, since the n-~transistors were off during precharge,
so that it stays low. Node X may act as a ’'virtual grouad’,
discharging the output ‘S’ through the <conducting n-type
devices leading to an incorrect output signal. This problem
uay arise if the number of series N devices in the AND-plane
is large. Also, there should be a gating device for each
input and its complement. The inputs must be complemented
before they are uvsed by the gating circnitrj; so inverters
must be added to provide the complements. For these resasons,
the concept of gating the PLA inputs was abandoned.

Latching the PLA inputs, providing the complements,
and gating the AND-plane <circuitry has been selected for
this design. The inputs are sampled in phasel’ (except for
the T bit which is sampled in phasel’®*phasel’ following
phase2) and are stable in phasel. Refer to Figure 3.4.ii for
the interface between the AND-plane and the PLA input

l1atches. The evaluation devices are added with this scheme
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to ensure that there is =no path to groumd during the ;1
precharge period. Note that the inputs to the AND~plane may ?;
9
.
be high during precharge since they are drivem by latches. S
This scheme facilitates the series N devices in the ;;
AND-plane being precharged before evaluation takes place. ;J
This will minimize the problem of incorrect 1logic due to .
'virtual ground’, as in the case of gating circuitry. One ;
more advantage with this scheme is that the latches provids :}
the iaputs as well as their complements to drive the ?é
AND-plane. The disadvantage with this scheme is that the

number of series N devices in the AND-plane is large, with
the addition of the evaluation device, thus increasing the
delay in the evaluation of the AND~plame. The PLA input
latches are made of high gain inverters since they have to
drive large capacitances present at the input nodes of the
a~transistors inm the AND-plane. This is donme inm order to
reduce the sampling time since the output of the second
inverter in the latch should provide a logic level suitable
to turn the first inverter on or off, by the ¢time the
feedback switch closes. This has been verified by SPICE
simslation.

The OR-plane uses the PGs version to realize the
NAND logic. Outputs of the OR-planme go through Hi-Gain
buffers to drive the microsequencer logic. The OR-plane is
evaluated in phasel Dbut some of the controls (phaselF,
phasel2B, ph.se2FL, and phaseZBL) have to be vnlid' until

phase2. Therefore these buffers are gated in phase2 to
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If the continue intruction executes correctly, the

other instructions are tested as follows

First the instructioms CJS, CRTN, CJA, and LOOP should be
tested, esch with the CONT instruction after the JNAP
instruction so that the starting location could be fixed as
10 by loading an op-code of 9 with the JMAP instrunction.
This makes testing compatible with the explanation of branmch
instructions in Appendix A where the starting locatiom is
always chosen to be 10, except for the JZ instruction. Since
CRTN needs a return address it is used in conjumnction with

CIS. The test code for the above instructions is shown in

Table 4.2.

T i ODE FOR C CR

NAME BR T ADF ocC EXPECTED OUTPUT Y
(phase2) (phasel’ <(phase2) (phase2) (phasel)

.phase’)

JHMAP 2 X 0 9 9

CONT 10 X X X 10

CONT 10 X X X 11

CONT 10 X X X 12

CcJs 1 0 X X 13

cJs 1 1 60 X 60

CONT 10 X X X 61

CONT 10 X X X 62

CONT 10 X X X 63

CRTN 6 0 X X 64

CRTN 6 1 X X 13
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CHAPTER 4 2

FUNCTIONAL TESTING OF THE MICROSEQUENCER :E

This chapter explains the functional testing of the ii
microsequencer chip. Decimal values have been wused in the jj
test codes for convenience. The tables include the expected q
output (the microprogram address YY), in phasel. Inputs are :i
4-bit BR field, S5-bit op-code (0C), 12-bit ADF in phase2, N
and tost flag T in phasel’®*phase2’. ADF and Y share the same if

pins with ADF being valid input in phase2 aad Y being valid
output in phasel.

The eleven branch instructions ;hould be tested,
with independent instructioms like JZ and JMAP being tested
first since these instructions do not depend <upon the

previous address of the microsequencer. Then the CONT

instruction is tested with JZ as well as JMAP, CONT is the
most frequently used branch instruction. Table 4.1 shows the
test code for the JZ instruction, which includes a zero in
the ADF field to clear the LCS, JMAP and CONT instructions.
Refer to Appendix A to see the effect of the testing o;

different blocks of the microsequencer.

TABLE 4.1, TEST CODE FOR CONT WITH JZ AND JMAP

NAME BR T ADF ocC EXPECTED OUTPUT Y
(phase2) (phasel’ (phase2) (phase2) (phasel)
.phasel’)

JZ 0 X 0 X 0

CONT 10 X X X 1

TMAP 2 X X 9 9

CONT 10 X X x 10
‘.~. - . - - ‘\. “a ‘-\.:~ - e “.. . - :- - - o - .
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vertical direction in such a way that they do not interfere
with the controls from the PLA. The sddress bus is
precharged using P-gates with a W/L ratio of 4:1 in phasel’
and conditionally discharged through N-gates having w/L
ratio of 4:1. These ratios were ochosen since the bus has a
large capacitance.

The final layout of the microsequencer is showa in
Figure 3.8 with Figure 3.9 showing the layouts of macros

unsed in the microsegquencer.
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common-drain node is precharged high by a p-type device. The
output stays high if the selected address source is high aad
gots discharged if the selected address source is low. This
roesults in a c¢common source mode of operation with =no

body~effect.

P 0 MICROSEQUENCE

Floor plan of the microsequencer is the geometrical
and topological arrangements of the microsequencer’s macros
(also called subsystems). The plan, shown in Figure 3.7, is
composed of subsystems built of horizontal slices that are
then stacked vertically. The individual macros are then
placed horizontally to constitute the finmal chip. Note that
the floor plan shown in the figure does not include the 1I/0
frame, since the X/0 frame is a differemt project [3]. The
I/0 frame is used by the microsequencer circuit to complete
the final chip. For s detailed layout of the microsequencer
chip refer to the end of this chapter. Also, the layouts of
each macro are included at the end of the chapter. The floor
plans of the macros are explained in Appendix B.

The following points were taken into consideration
when deciding upon the framework of the plan. Controls from
PLA run in first metal [5) in the vertical direction; power
supply,ground and data flow in second metal [9] im the
horizontal direction. Local interconnections are made out of
first metal and poly [5]. Second metal is restricted to
global interconnections. Buffers for the clocks, phasel and

phase2, are placed at the bottom to drive the clocks im the
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provide the phase2 controls. Refer to Figures 3.5 and 3.6
for phasel buffers and phase2 buffers (gated in ophase2).
Since the inputs to the OR~plane are precharged high, s
ripple P (7] gate can be used for the OR-plane. Note that
the PGa and PGc devices reduce to ripple P type devices if
the eovaluation devices are removed. Since the input
capacitance of the buffer is high, an inverter is added 1t
the output of the OR-plane with devices having a W/L ratio
of 2:1. This inverter in turn drives the Hi-Gain buffers
with devices having W/L ratios of 6:1., Therefore, with
phasel buffers as shown in Figure 3.5, the OR-plane output
ripples through as a phusclﬁcontrol.

Refer to Figure 3.6 for phase2 buffers where the
OR-plane output is stored on the gate capacitance of san
n—-type transistor during phasel while the output of the
phase2 inverter is precharged high. The inverter ian turn
drives the Hi-Gain buffer which in effect provides the
phase2 controls with complements. These are needed since the
controls drive CMOS transmission gates in the microsequencer
logic. Note that during phase2 the gated buffer is cut off

from the OR-plane, which is evaluated in phasel,.

3.3.iv, MULTIPLEXER 1 (MUX1

Instead of using two controls from the PLA and
decoding them into four signals to select ome of the four
address sources, four select lines are encoded im the PLA to

control the MUX1, These lines are precharged low zand control

the gates of NNOS devices in the multiglexer whose
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e
TABLE 4.2.ii. TEST CODE FOR CJA, at
4
NAME BR T ADF 0C  EXPECTED OUTPUT Y ]
(phase2) (phasel’ (phase2) (phase2) (phasel) iﬂ
.phase2’) i
F
-
TMAP 2 X 0 9 9 R
CONT 10 X X X 10 :i
CONT 10 X X X 11 o
CONT 10 X X X 12 :1
CJA 7 0 X X 13 s
CTA 7 1 60 X 60 .
The next test should check for instructions PUSH,
RFCT, LDCT, and RACT which use the loop <counter stack in

addition to the subroutine stack. Note that for instruction
RFCT to be useful, a count must have been previously 1loaded
by an instruction such as PUSH. Similarly, imstructioan LDCT
must have loaded s count in order for the instrwetion RACT
to be useful., So PUSH is combined with RFCT and LDCT is

combined with RACT for testing the above four instructions.

The externsl couat for 1looping is <chosem .to be 3, which
causes the loop to be executed 4 times. Table 4.3 shows the
test code for testing the above four imstructions.

If these tests, with the JMAP instruction as the —ﬂ

starting instruction, 'fail. then the starting instruction
should be JZ followed by CONT instruction. This will start 4
the sequence from location 1 instead of 10 as in the case of -
starting with the JMAP instruction.

Table 4.2 is divided into three parts: ome showing

the test code for CJS and CRTN (Table 4.2.i), second with

P

4 e e .
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the code for LOOP., Similarly Table 4.3 is divided into two
parts: one with the test code for LDCT and RACT (Table i
4.3.i) and the other showing the code for PUSH aand RFCT

(Table 4.3.ii).

P D opP
NANE BR T ADF (1] EXPECTED OUTPUT Y L
(phase2) (phasel’ (phase2) (phase2) (phasel) -
.phase2’)
JMAP 2 X 0 9 9
CONT 10 X X X 10
CONT 10 X X X 11
PUSH 3 1 X X 12
CONT 10 X X X 13
CONT 10 X X X 14 -
CONT 10 X X X 15 S
CONT 10 X X X 16
LOOP 8 0 X X 12
LOOP 8 1 X X 17 -
- TABLE 4.3.i. TEST CODE FOR LDCT AND RACT,
\ .
F NAMNE BR T ADF oc EXPECTED OUTPUT Y -
s (phase2) (phasel’ (phase2) (phase2) (phasel) -
.phase2’) -
jo TMAP 2 X 0 9 9 R
: CONT 10 X X X 10
. CONT 10 X X X 11
- LDCT 9 X 3 X 12
- RACT 5 X 12 X 12
3 RACT 5 1 12 X 12
[\ RACT 5 X 12 X 12
g RACT 5 X 12 X 12 o
5 RACT 5 X X X 13 .
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TABLE 4.3 .ii. TEST CODE FOR PUSH AND RFCT,
NAME BR T ADF 0oC EXPECTED OUTPUT Y

(phase2) (phasel’ (phase2) <(phase2) (phasel)

.phase2’)

JZ 0 X 0 X 0
TMAP 2 X 0 9 9 ]
CONT 10 x X X 10 o
PUSH 3 1 2 X 11 J
CONT 10 X X X 12 ﬁ
CONT 10 X X X 13 o
CONT 10 0 X X 14 ]
RFCT 4 b4 X X 11 o
CONT 10 X X X 12 <
CONT 10 X X X 13
CONT 10 0 X X 14
RFCT 4 X X X 11
CONT 10 X X X 12
CONT 10 X X X 13
CONT 10 0 X X 14
RFCT 4 X X X 11
CRTN 6 1 X X 0

Note that the PUSH instructiom is also used in
conjunction with the LOOP instuction as shown in Table

4.2.iii. When RFCT exits the loop it pops the loop counter

stack as woell as the subroutine stack. Prior to a PUSH with ok
the RFCT instruction, the SS and LCS are cleared with the T
Jz instruction. Therefore, a ‘CRTN is executed .
unconditionally (by forcing the T input to be 1) at the end

of the code to check if the output becomes zero.
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CHAPTER 5

A NEXT GENERATION MICROCONTROLLER

The microsequencer chip discussed so far was an
expoerimental version of the microsequencer for a next
generation controller which will be explained. in this
chapter using a system example. This example will illustrate
how the controller is integrated into the system. Figure 5.1
shows a system example consisting of four chips
;he microcontroller chip, the data path <chip, the control
store, and an external resd/write (RAM) memory. Suggestions
on how to modify the microsequenmcer to assure co-patibilty

with the controller are included.

Figunre 5.1 SYSTEM EXAMPLE

1 |
| EXTERNAL | 16
[ | ¢mmmf===> |
| MEMORY [ |
| | |
]
|
|
| | | |BAST PORT|
| CONTROL | 12 | MICROPROGRAN | 16 |
| | ¢<=~/-=>] | ¢—==/-==>1
} STORE : : CONTROLLER l I
1 K\ A |
/| ————— [==——— | |
\ 4 ] |
| | 16 |
: DATA PATH }<---/—-->}
I [ LOCAL
BUS
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The main fumotions of the microcomtroller are
(1) to gonerate an address for the control store in phasel.
This address is generated by the microsequencer.
(2) to goenerate an address for external RAM in phase2. This
address is gemerated by the program control uait (PCU).
(3) to generate an address for the internal RAM, which is on
dats path chip. This address is gonerated during phasel by
the Generste Random Address (GRA) Block.

The microcontroller generates the microprogranm
address in phasel which fetches the microword from the
microstore. In the previous <chapters it was meantioned that
the microword contained the micro-ops field, to coamtrol the
datas path, and the next address gemeration field to <control
the microsequencer. The microword must also provide
microbits for controlling the PCU and GRA Block, ian addition
to the microbits for controlling the microsequencer and data
path. It is better to discuss the PCU and GRA Block beéore
deciding om the <chanmges to be made to the present
microsequencer to ensure compatibilty with the next
generation microcontroller. Refer to Figure 5.2 for a
functional description of the microcomtroller,

The PCU and GRA Block are not explained in detail
since they are part of the next generation coatroller; so
the following discussion deals oaly with the interfaces
between the microsequencer and PCU, and the microseguencer
and GRA Block. The program comtrol umrit provides addresses

to fetch instructions from the extermal memory aad transfer
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Figure 5.2. MICROPROGRAM CONTROLLER

| ADF
12 irnou CONTROL STORE
| lop-cobEe| |
12 | | 8 | PROGRAM |
{=~/-—~| MICROSEQUENCER |[<(---/-~| CONTROL | (==~
ADDRESS | | —-=| ©ouNIT (PcU) | E |
FOR | | | | I A |
CONTROL STORE N | s ITo
Ir | T |---)>
A 2zp | P |AND
] | {=mmmmn ] | o IFROM
| wox2 |[¢---1 | | R |LOCAL
| | ¢=~=0 | 6mrA BLock | T |BUS
| | ¢—~- | | (===
| i |DPFB | |
| ]
| |
| v ADDRESS

FOR
IRAM ON DATA PATH

blocks of data from the external memory to the intermal RAM
on the data path. Vhen the PCU fetohes an instruction, it
transfers the op-code to a register (Imstructiomn Register)
which then becomes the input to the MAP Logic im the
microssquencer.,

The PCU must be provided with the number 6f data
vords to be transferred from the extermal RAN to intermal
RAM. This is specified as a byte count (BC) which is loaded
into a register (BC register) from the extermal wmemory
during op-code fetch. The instruction also specifies the
starting address for the block transfer. The BC is

decremented and the block of data is transferred as long as

the count is not equal to 0, A zero detector checks for all
zeros in the count and the output of the ZD is demoted by Zp :#

(the subscript p stands for PCU, to avoid confusion with the
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ZD output, Z, in the DEC macro of the microsequencer). Zp is
one of the inputs to a amultiplexer (MUX2) which selects
between a ‘1l’, '0’, DPFB (data path flag bit), and Zp. Zp is
'1* if BC=0, The MUX2 was part of the data path in the
initial version and the output of MUX2 was called the test
flag 'T’, which is one of the inputs to the PLA in the
experimoental version of the microsequencer. This 'T' now
becomes the DPFB and the output of MUX2 is still denoted by
'T', which will be omne of the inputs to the PLA ia the
microsequencer. The 4-bit c¢ondition field (CD) of the
experimental version is now split into two fields : (i) a
2-bit MUXSEL field which controls MUX2 and (ii) a 3-bit Flag
Bit field which selects ome of the status bits on the data
path chip to become the DPFB and to be transferred to MNUX2
on the microcontroller chip.

There is no interface defined at this point between
the microsequencer and the GRA Block; however the GRA Block
will be part of the microcontroller chip because there is
not sufficient area for implementation of the GRA Block on
the data path chip. Another <reason is that the GRA Bloock
receives iaput dati from the instructions fetched by the PCU
from the external memory. Dats is provided to the PCU and
the GRA Block through s 16 ©bit I/O port, to be called east
port, which is conneoted to the local bus as shown in Figure
5.1. The GRA Block and PCU can be comtrolled by individual

PLAs similar to the microsequencer. Inclusion of the GRA

Block on the comtroller chip 1nctensos'the pin count of the
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chip since the GRA Block must provide the address for the

internal RAM on the data path. However, these lines coﬁld
also be used to send status flags from the data path to
controller MUX2 when the GRA Block is =not seanding an
address. This will eliminate the need for a multiplexer in
the data path; therefore the 3-bit Flag Bit field can be
removed. The MUXSEL field can be increased to 4 bits to
select between 1, 0, Zp, and one of the flags from the data
path. (The MUXSEL field will be 3-bits wide if the number of

flags from the data path is less than or equal to 5).

The microcontroller is still under development and

[y . C

the preceding discussions suggest possible modifications to

be considered to eonhance the overall operation of the g

system.
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APPENDIX A
FUNCTIONAL DESCRIPTION OF THE MNICROSEQUENCER

A.1, DISTINCTIVE CHARACTERISTICS
*TWELVE-BIT-VIDE ADDRESS

Can address up to 4096 words of microcode.
SINTERNAL DECREMENTER WITH LOOP COUNTER STACK

Pre—settable 8-bit down counter for repeating

instructions and counting loop operations. Stack is used
over a single loop <counter so that nested loops and
loops within subrountimes could both be accomodated.The
loop counter siack is 4-words deep.

*FOUR ADDRESS SOURCES
Microprogram address may be selected from mapped
address, ADF field of the microinstruction, imncremented
address (sequential), or 8-level push—-down (subroutine)
stack which stores the return addresses.

*ELEVEN POWERFUL SEQUENCE CONTROL INSTRUCTIONS
Four bit BR field of the microinstruction is used to
execute eleven sequence control imstructioms, most of
which are conditional on the test flag ‘T’ or the =zero
detector (ZD) output 'Z’'.

SMULTIPLEXER 1
The multiplexer (MUX1l) for selecting one of the four
address sources is implemented as a distributed bdus

structure.

*[WO PHASE NON-OVERLAPPING CLOCKS
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All intermal operations of the chip are controlled by
two non-overlapping clocks, phasel and phase2.

*CLOCKED CNOS USED FOR LAYOUT DENSITY AND PERFORMANCE
Clocked CMOS is widely used over classic CMOS for higher

layout density and better performance,. The

microsequencer logic is precharged during phase2 and
evaluated during phasel, except for the PLA which is

precharged during phasel’ and evaluated in phasel.

A2 NER D 1 N
A microprogrammed control unit should be viewed as
consisting of two parts: the control memory that stores the
microinstructions and the associated circuitry that control
the genoration of the next address. The address—generation
part is ocalled the microsequencer. The <control store
contains the binary variables that control the hardware
components of the system. The céntrol information is stored
in the memory and executed as a2 stored program. Hence the
term firmware is sometimes used for microprogramming since
it has a software as well as a hardware flavor,
The microsequencer is also called a microprogram
sequencer since it is an address sequencer intended for

controlling. the sequence of execution of the

microinstructions stored in the microprogram memory (also
called the microstore or control store). Refer to Figure 1.3

of chapter 1 for the fumnctional (block) diagram of the

microsequencer, which is repeated here for convenience.

Besides the capability of sequential access, it provides
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conditional branching to any microinstructioa withia a 4K
word range. A push-down stack is used for microsubroutine
return linkage and looping capability. The subroutine stack
(SS) has 8 registers which provide 8 levels of nesting
subroutines. Microinstruction loop count control is provided
with a couat capacity of 256. The 12-bit ADF field of the
microinstruction is used as an explicit address source for
microprogram address or the 8 least significant bits are
.used as the count (N) for looping. A 1loop counter stack,
which is 4-words deep, is uwsed over a single loop <counter
register in order to nest loops and to use loopg within
subroutines.

During each phasel, the microsequencer provides a 12-bit
address from ome of the four sources:
(1) The incremented output (IOP), which usually contains an
address one greater than the previous address,
(2) ADF fioeld of the microinstruction (A) which is an
explicit address,
(3) Right-deep last-in first—out subroutime stack (F), or
(4) Mapped output (M), which is a fumction of the 5-bit
op—code part of the machine instruction (also called
macro-operation). A mapping PROM or PLA could be used to map
the S5-bit op~code into & 12-bit address source. The scheme
used here places zeros in the 7 most significant bits and
transfers the S5-bit op-code into the 5 least significant

bits of the address.
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The instruction PLA comtrols all other blocks of the NG

microsequencer. The inputs to the PLA are the 4-bit BR field

ey

from the microinstruction, test flag 'T’' from the dats path,

it _ndodie

and the zero detector (ZD) output ‘Z’, Note that DEC stands
for decrementer which contains : (i) a latch (DEC 1I/P
LATCH), servimg the purpose of a loop counter register, (ii)

loop couater stack (LCS), (iii) decrementer logic (DEC

1, e Tt Tent
FVRY APV VU

LOGIC) consisting of carry chain (DEC CAR CHAIN) and EX-OR
circuits, (iv) a latch (DEC O/P LATCH) which latches the DEC
LOGIC output (D) and makes available a stable decremented

output (DOP) by the time the decrement comtrol (LD) s

, Coee
ta o ~
PV L N SR O OP WP |

RPN

sctive, and (v) a multiplexer (DEC MUX) to select between

the external count N , the decremented output DOP and the

second word (LCS2) of the loop coumter stack which c¢ontains
the previously pushed value. When an extermal couat (N) is .
loaded into the DEC it goes imto the DEC I/P LATCH (1loop &
countsr register), which will be demoted as LCR, and also -
pushed omto the loop counter stack. The value in the 1loop
counter register (LCR) is nunconditionally decremented and
loaded back into the decrementer (DEC), for further counting

only if the decrement <control (LD) is high. The ZD checks

PES WY T YOW SRET P Gl S e S LI

for all zeros in the loop c¢ounter before the value is
decremented. Therefore a count (N-1) should be loaded 1:0r
looping N times. The externmal count is loaded in phasel, the
DEC LOGIC is evaluated in phase2 and the DOP becomes

4
_N
svailable in the next phasel. For a functional diagram of ':
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the decromenter refer to Figure B.3.a of Appendix B which is
repeated here for coanvenience.

The 12-bit address bus of the microsequencer is
bi-directional. It is used for the microprogram address in
phasel and the ADF field of the microinstruction in ophase2.
This scheme is wused to reduce the pim count of the chip.
Note that the ADF field is 1latched in phase2 and becomes a
stable address sovrce (A) in phasel. The instruction set is

explained below, with execution examples in Figure A.1l.

A.3, INSTRUCTION SET

There are eleven instructions which select the
address of the nex£ microinstruction to be exescuted. Four of
the instructioas (0, 2, 9, 10) are unconditional - their
effect depends only on the instruction. Two instructions (4,
5) depend om the zero detector output °'Z' and five
instructions (1, 3, 6, 7, 8) depend on the test flag 'T’'.
The best way to explain the instruotion set is to isolate
oach instroction and review its operation. Figure A.L shows
the oxecution examples of the eleven instructions. Note that
there can be 16 sequence control instructions from the 4-bdit
BR field dbut it has been decided to include only the 11
considered most useful at this fi-e.

The eoxamples in Fign~a A.1 illustrate the
microprogram flow as various microinstructions sre executed.
As an example, the CONTINUE instruction (instruction number
10) simply means that microinstruction 10 is executed, then

microinstruction 11 is executed and so on. The microprogram
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addresses were arbitrarily chosen except for the JUMP ZERO
instruction which forces the address to zero. Note that a
conditional imstruction canm be executed unconditionally by
forcing the T flag to be 'l' by selecting the °‘l’ imput to
the second multiplexer (MUX2), where NUX2 generates the test

flag in the data path.

(0) JZ : Jump Zero wunconditionally specifies that the

address of the next microinstruction is zero.

(1) CIS : Conditional Jump-~to-Subroutine via the address

Ol gl o o

provided‘in the ADF field. This can also be labeled as the
‘CALL’' instruction. When the contents of address 12 is at
the output of the control store, the next address control
function is the Conditiomal Jump-to-Subroutime (CJS). If 'T’
is true , CJS is executed by selecting 1location 60 as the
next address with 13 pushed oato the subroutine stack (SS8).
If the test fails ('T' false) the next address in sequencs
i.e., address 13 is selected,

(2) JMAP : Jump Map instrmotion is wunconditional which

causes the output of the map logic to be executed.

(3) PUSH Push / Conditional Load DEC. This is primarily

used for setting up 1loops in microprogram firmware. The

AR

output of the loop counter register (LCR) is made available

to the ZD as well as the DEC LOGIC, In Figure A.1 when
microinstruction at location 12 is executed, a PUSH will bde
o made onto the S8 and the decroementer will be loaded based on

the condition. When the PUSH occurs, the value pushed onto

the SS is slways the next (sequential) address. In this case NS




o
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this address will be 13. If the test fails, the decroementer
(DBC) is not loaded; if it is passed the DEC is loaded with
the value contained in the ADF field of the
nicroinstruction. Thus a single instruction can be used to
set up 8 loop to be executed s specific number of times.
Instruction 4 (RFCT) will describe how to wuse the pushed
value and the decrementer for looping.

(4) RFCT : Repeat Loop, LCR not equal to O0. For this
instruction to be useful, some instruction such as 3 (PUSH)
must have 1loaded s ocount value into the DEC. This
instruction checks to see whether the LCR is equal to 0 or
not. This is accomplished by the zero detector (ZD) which is
implemented as a NOR gate. The ZD outpat 'Z’ is 'l’ if the
LCR is equal to zero and 'O’ if the LCR has a non-zero

value. If the ZD output is '1', the DOP is fedback into the

'DEC for further decrementation and the address of the next

RS r .
.‘g.1-1;.1--.,1.-.L---’._J'J_';-lAn;-

microinstruciton is taken from the top of the SS, If the 2ZD

output is ‘0’ (the 1loop exit comdition), ocomtrol falls

through the next (sequemtial) microinstruction by selecting
incremented outpnt (IOP); the 88 is popped and the LCS is
also popped. In Figure A.1 location 10 most likely would
contain a PUSH instruction which would have caused address
11 to be pushed onto the SS and the DEC to be loaded with
the proper value (N) for 1looping the desired number of
times. RFCT can also be referred to as a 'FOR’ loop.

(5) EAQI ;: Repeat ADF, LCR not equal to 0. This instruction

is similar to instruction '4’ except that the branch address

.
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now comes from the ADF field of the microinstruction —rather
than from the SS. When the LCR is not equal to 0 (i.e., ZD
outpet is '0’'), the DOP is loaded bsck into the DEC for
further decromentation and the next address selected is the
ADF field. If the ZD output is 'l’, the couat is popped off
the LCS; a pop is not performed on the SS, because it is not
used. In Figure A.1, the RACT iastruction is shown in a
single microinstruction 1loop as in iastruction 12. The
sddress in the ADF field of the microinstruction would be
12. Instruction 11 in this example could be the LOAD DEC AND
CONTINUE (LDCT:9) instruction. VWhile this example shows a
single microiastruction loop. byzsinply changing the address
in the ADF field of the microimstruction, multi-ianstruction
loops can be performed in this manner for a fixed number of
times as dotermined by the couat (N).

(6) CRIN : Conditiomal Retura from Subrowtine imstructiom is
used to branch from the subroutine back to the next
microinstruction address following the subroutine call.
Since this microinstruction is comditional, thg retura is
perxformed only if the test is passed. If the test fails, the
next (sequential) microinstruction is executed. To perform
an unconditional Return~from—-Subroutine, the <conditional

Return-from—Subroutine is executed unconditionally. This 1is

done by forcing the 'T’' flag to be 'l’ by selecting the '1° o

input to MUX2, which is in the data path.

N\
(7) CJA : Conditional Jump ADF iastrootion derives the H
3
branch address from the ADF field of the wmicroimstruction. }

- PRY
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e
It provides a technique for branching to various -

microprogram sequences depending upon the test flag from the

data path. :f

-4
(8) LOOP : Test Eand-of-Loop instructiom provides the .
capability of conditionally exiting a loop at the bottom: :f

i.e., this is a conditional instruction that will cause the 4

microprogram to loop, via the 88, if the test is failed else

to continue the next (sequential) instruction. Im Figure
A.l1, the LOOP instruction is at address 16. If the test
fails, the microprogram will braach to address 12. Address
12 is on the SS because a PUSH instruction has been executed
st address 11, If the test is passed at instructiom 16, the
loop is terminated and the next (sequential)
microinstruction at address 17 is executed, which also
causes the 8S to be popped, thus accomplishing the required

stack maintenance. A 'LOOP’ instruction cam also be referred

to as s 'DO’ instruction.
(9) LDCT : Load DEC and Continue instruction enables the DEC
to be loaded with the value at its parallel inputs. These

inputs are normally commected to the 8 least significant

inputs of the ADF field of the microinstruction which (in -

the architecture described here) serves to supply either a ff

branch address (to MUX1) or a COUNT ('N' for the DEC) .

§ 3
- depending upon the microinstruction being executed. There o
e R
b are 2 ways of loading the count (N) into the DEC o
® - the explicit load by this instruction :9 -
3 -4
bR

8 -
4 {
[ - 3
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- the oconditionsal ioad included as part of the PUSH
instruction :3,

{(10) CONTINUE : This simply increments the address so that
the next (sequential) microinstruction is executed. This is
the simplest instruction and should be the default
instruction which the firmware requests vwhenever no other

operation is enabled.
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APPENDIX B 4

LOGIC DESCRIPTIONS AND CIRCUIT SCHEMATICS OF KACROS E

e

B.1. INCREMENTER ;%
The incrementer output (IOP) is one of the four e

address sources for the microprogram address. It is also the

input to the subroutine stack (88). The previous output of

the microsequeacer (Y) is the imnput to the incrementer and
it is ssmpled during time ph:soli The incrementer logic (INC
LOGIC) is precharged during phase2’' and evaluated during
phase2. The output of the INC LOGIC is sampled in phase2 and
stable in the next phasel. The INC LOGIC <consists of
incrementer carry chain (INC CAR CHAIN) and Exclusive-Or
(EX-OR). The Clear/Increment (C) control from PLA, when
high, pulls the IOP 1low. WYhem C is low, the incremented
output is available. For s detailed layout refer to the cell
library in Appendix C. The functional diagranm, logic
diagram, circuit schematic aad ihe floor plan of the

incrementer are shown in Figure B.1.

(a) FUNCTIONAL (BLOCK) DIAGRAM

Refer to Figure B.1l.a. ';
(b) LOGIC DIAGRANM
Refer to Figure B,1.b.

From the figure it is clear that the carry chain 1is

t
”
Sl ot

'
precharged high in phase2’ and evaluated in phase2. Since ;j
)
the input to the incrementer imput latch (INC I/P LATCH) is ’j

sampled in phasel, s phase2 evaluation device is added to
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the kill transistor, as shown in the figure, to make sure
that the kill transistor is not om during the precharge time
phase2’ which overlaps with the sampling time for the INC
I/P LATCH. If the propagate signal (P) is high, the carry in
(CINl) is propagated to the next stage. If P is '0’, which
moans the kill sigmal (K) is high, the pass transistor is
off and the kill transistor is om, thus pullimg dowm the
carry chain output to a logic 1low level (i.e., COUT1 is
‘'0'). Note that in the case of the LSB the IOP is just the
complement of the input Y. The bits Y2 to Y are evaluated

11

For Y, to Y the INC LOGIC consists

1’ 1 11

of the carry chain and the EX-OR blocks. For YO the INC

the same way as bit Y

LOGIC reduces to a simple inverter.
(¢) FLOOR PLAN
Refer to Figure B.1l.c.
(d) CIRCUIT SCHEMATIC
The circuit schematic of 1 bit of the imorementer is

shown along with the LSB in Figure B.1.d.

B,2. RO NE STAC PUSH-DOY TACK

The stack subsystem is commonly called a last-in,
first—-out stack (LIFO). It is also known as a push-down (PD)
stack. The name subroutine stack comes from the fact that it
stores return addresses whenever a subroutime is called. The
four principsl operstions in s full clock period are
(i) PUSH in a new data word at one end of the array, pushing
all previously entered words one vword position down in the

array.
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103 g
snad LL from PLA and it provides the input (MD) to the DEC =
LATCH as well as to the LCS. S
(¢) FLOOR PLAN 2

Refer to Figure B.3.c. %

(d) CIRCUIT SCHEMATIC )
)

Refer to Figure B.3.d.i. for the <c¢cirecuit j

schematic of the decrementer, excluding the schematics of L
the DEC LOGIC and ZD which are shown in Figure B.3.d.ii. and ﬂj
Figure B.3.d.iii. respectively. LCS is also a push~down ;E
stack similar to SS and is shown with LCS interface in E
Figure B.3.d.iv. The schematic of the stack is not shown J
here since it has slready been shown im the SS macro. A ;ﬁ
Note that the schoematics of inverters and switches i

are not repeated for the sake of simplicity. The ZD s _g
precharged high in phase2’' and evaluated in phase2. If all Ei
the inputs are low, the N-transistors are off and ‘Z' stays :g
high. If any one of th; inputs is high, them Z is pulled low _%
through the conducting N-tranmnsistor. :
| IC ¥

A special type of ©branch exists when a ﬁ
microinstruction specifies a branch to the first word of a ;i
roatine for & macro-operation im the <control memory. The 33
address bits for this type of branch are a fuatioan of bdits :
used im the operation part of the machine instruction. One E:
specific mapping process which converts the 5-bit op-code :E
into a 12-bit address is shown in Figure B.4.1i. ﬂ
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checks for all zeros in LCR in phase2 and the ZD output (Z)
becomes ome of the inputs to the PLA. The ocount is
decremented in phase2, sampled in the DEC O/P LATCH in
phase2 and bdecomes stable ia the next phasel. The
decremented output is loaded back into the DEC LATCH and LCS
stack top, in the same phasel, through the DEC MUX provided
the comtrol LD is high., As long as 'Z' is '0', PLA drives LD
high. When 'Z’' is "1’ (i.e., all =zeros in LCR), the PLA
turns off LC snd LD, and pops the LCS which means that the
control signal LL is high. When a pop occurs, the second
word of the stack (LCS2) is transferred to the top of the
stack and also loaded into the LCR. The first word of the

stack (stack top) always holds the value being decremented.

(a) FUNCTIONAL DIAGRAMN

Refoer to Figure B.3.a.
(b) LOGIC DIAGRAM

Refer to Figure B.3.b.i. for the logic
diagram of the decrementer which consists of the DEC NUX,
LOOP COUNTER STACKX (LCS), DEC I/P LATCH ( DEC LATCH or LCR),
ZD, DEC LOGIC which <consists of DEC CAR CHAIN and EX-OR
blocks, and the DEC O/P LATCH. Refer to Figure B.3.B.ii. for
the logic diagram of DEC LOGIC.

Note that the LCS is also a push—down stack similar
to S8 but it is differeant in the stack top and has ome more
control than 88 (Refer to Figure B.3.i). In the case of the
LSB the decremented output (DOP) is just the complement of

the coumt 'L’'. DEC MUX is comtrolled by the signals LC, LD
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first inverter, and then closing phase2F during time phase2
with data being transferred to the gate of second inverter.
In order for data to be held in place phaselB is closed in
phasel followed by phase2F in phase2, causing the data to
recirculate upon itself without shifting. Dats (DOUT) is
obtained by oclosing phaselB in time phasel followed by
phase2B in time phase2 (POP operation). But the problem with
this is that DOUT is needed in phasel because the control
signal SF which selects the stack top F as fho microprogram
address comes in phasel. So, instead of signal phase2B to
the first word of the stack (sta;k top), the comtrol sigmal
SF is connected as shown in Figure B.2.b.ii.
{c) FLOOR PLAN
Refer to Figure B.2.C.

Two hsalf-words are stacked together to form one
word., This is repeated 8 times to form a stack 8-words deep.
(d) CIRCUIT SCHEMATIC

Refer to Figure B.2.d. g

B.3. DECREMENTER WITH ZD AND 4 WORD BY 8-BIT LCS (DEC) '€

An external couant is loaded from the ADF field of 4
the microinstruction in phasel by driving the comtrol signal :j
LC high. The count MD (output of MUX1) is pushed onto the 5
loop counter stack (LCS) and also sampled by the DEC 1I/P ~q

LATCH which is denoted by DEC LATCH or loop couanter 5
register (LCR). The count becomes stable (L) in phase2 aad
becomes an input to the zero detector (ZD) as well as to the

decrementer logic (DEC LOGIC). The ZD is a NOR gate which

ey e
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(ii) POP out a word from the end of the array, pulling nup
all previously entered words by one word position.

(iii) HOLD the words in their curremt position.

':;']
;.{
:fii

(iv) CLBAR the top of the stack by pushing s zerxo. (The

whole stack ocould be cleasred by 1letting the zero ripple

through, which is explained below.) Iho actual contréls that
E the instruction PLA issses to the stack are phaselF,
k- phase2F, phaselB, phase2B. PUSH, POP, HOLD, and CLEAR are
performed as explained below :

PUSH : close phaselF in phasel and phase2F in phase2

?r POP : close phaselB in phasel and phase2B in phase2

HOLD : close phaselB in phasel and phase2F in phasel

CLEAR: close phaselF in phasel and phase2F in phase2 with
Fr the input to the stack top (DIN) equal to O.

(close phaselF and phase2F at the same time to clear
- the whole stack, i.e., to initialize the stack. But
here it has been decided to clear only the top of
stack to si-plify.the control logic. Moreover it is

pot necesary to clear the whole stack, since the '0'

ripples to the next word in the stack whenmever s PUSH

operation takes place.)

(a) FUNCTIONAL DIAGRAMN

Refer to Figure B.2.a,

s |

(b) LOGIC DIAGRAM

Y

Refer to Figure B.2.b.i.

-

__.. ;L.l‘

PUSH is performed by closing phaselF in time phasel,

o

Sala e o

thus transferring the input dats (DIN) to the gate of the

P I

_______
-
. e .,

I A I AR P S
S .
Lot

e
AL SRS AT
W N WP N




o .
]
.
4 L)
g o
g
1
g _ HaLY . J..A_r HOLV
, 0do1 d/0 o1 3 . 4’ | o
{ INI G .._ NI
\ ~ ]
: », .INID LINID — oon
3 = = = T =
_ ¢ —
: s e | i
3 IS L 1
4 | i
! I~ LA
g 1do! 1 u 1d A
L L . L M
| o (% HE mT o |
. agA L qon L g
v.,
g ™
”_ g ]
. , ’ N
. | ¢
.. JojuswsSou] 4o ] r
1 Sj3pwmysg 31NdJI1Y p°l°g Banbyp gy o
' 8> * .... .-.
2N13=11009 ¥ 2 Av._..lﬁlh .
“ N
o
o o ....L
i R
0 .z”(
' AR
£ o
m.. . "




P A .

v

e a e R
L e e e .—
P T I

92

1-!.141-J|d|-
SO

doI

H3LY

d/0

INI

JejuBwsJou] Jo ubid Jooi4 0°]°g aunbiy

NIJ

|
L

NIYHD

.......

NI 4y

¥0-X3
I INT

1no3

A=d

A=)

HOLY
d/1

INI

:.-‘I“'\' ﬂ‘l‘ - .
OB RIS “ﬁﬂﬂwaaﬂch;fa

S S

—— A

I

.-




G |

)
.+

106

-
-. * - . . C\. - -
A adal alateSasaa

0d ..._.H..”..

8
1 [ ]
T
N
<
': ;--;.“x o

,l=d “.U._

.INID INID

L
A
L. PP, L

_ _ aaa

- - -“.“ ..' .
PN P

—
N
- —d

id

1a | . y
| d RN

l T ,1d ”

RN A

Clivien ite )
-

. 1d

; ._..l—. aaa
, T

219071 330 14n03 N%
30 o}3oweysg 31NoJ41] 11 p E ‘g 8unbig

T

yd




.

Cabamnd

-~ e

Y

e RS St A S e Sl St i Aadh dodh ot Sede a0 o ol A UL JUNE TN

W

PR i

.......
.......

107

. ik
................
.........................

S31 40
ayjpwaysg 3ynaLy) ‘Al p-g‘g eunbry

S

said /

T; 1428

N
7
all

T

HJILY
y4
J3g o3 *

/ON OW

aaa

I g g Py P o Y
Wl ' S ' KR MJ._\-..-.-N.. 1

az 3o
o13oWBYSS 3INDJ1] 111 P E g Banbi g

S MH_+. 1

¢

"

- I o

]

(d/0°1) h
-
aaa

S TR UL TPE P P
[ il VLAY Wl T O AT A S LGP -

TR S ST AL VAT WS T Y T

R Y
DS YW




SIS AR S A Dt it A At s s

B A Al M Sy S s S

108
This mapping consists of clearing the 7 most

significant bits and transferring the op-code into the §

loast significant bits. The circuit schematic for MAP LOGIC

is shown in Figure B.4.ii.

| CHEME

MACHINE INSTRUCTION

|xxxxx l l
I I I
Vv

5-bit

op-code (0OC)

Mapped outpat (M) : 0000000 xxxxx
v ¥

mapiing bits op-code

B.5. MULTIP 1 (M

MUX1 selects one of the four address sources as the
microprogram address (output of the microsequenmcer). It is
implemented as a distributed bus structure vwhich is

precharged high in phasel’ and evaluated in phasel.

(a) FUNCTIONAL DIAGRAN
Refer to Figure B.5.a.

SA selects the ADF Latches output A.

SI selects the incrementer output IOP.

._'\ ERE.
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SF selects the 8S stack top F.

SK selects the MAP Logic output N.

(b) LOGIC DIAGRAM

Refer to Figure B.S5.0.
(c¢) FLOOR PLAN

Refer to ?i;ure B.S5.c.
(d) CIRCUIT SCHEMATIC

Refer to Figure B.5.4.

Output of MUX1 (Y5 is precharged high in phasel’ and
conditionally pulled low in phasel. At any one time omnly one
of the four comtrols SA, SI, SF, SM is high, thus
discharging the bus conditionally through the selected

N-transistors.

B.6, INSTRUCTION PLA

The instruction PLA has six inputs and seventeen
outputs amd it is evalusated in phasel. The AND-plame has
series—N devices which drive the parallel-P devices in the
OR-plane. The AND-plane is precharged high in phasel’ and
the OR-plane is precharged 1low in phasel’., N-—type phasel
evaluation devices are added to the AND-plane so that the
inputs need not be precharged. The inputs to the OR-plane
are precharged high since they are also the outputs of the
AND-plsne. So there is no need for the ovaluation devices in
the OR-plasme. The inmputs to the PLA enter the chip before
phasel. To make sure that the inputs to the PLA are stable

by the time the evaluation takes place, the imputs to the
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113 %

{ PLA, except the test flag 'T‘, are sampled in phase2 and are >
stable in phasel. The test bit T s sampled in }
phase2’®*phasel’ and is stable in ph;sel. ?

> The outputs of the PLA are buffered to imcrease the %

drive capability. Since the PLA controls the microsequencer
logic in both phase times, some of the outputs of the PLA

» have to go through gated buffers.

PRV SRR

(a) FUNCTIONAL DIAGRAM

Lok

Refer to Figure B.6.a.
(b) LOGIC DIAGRANM

Refor to Figure B.6.b.i. which shows the
basic scheme of the imstruction PLA. The actual PLA consists
of the AND-plane with 6 inputs and 18 outputs (implicants).
The OR-plane has 18 inputs from the AND-planme and 17 outputs
which sre the <controls to all the other blocks im the
w lictoseﬁuoncet.

Refer to Figure B.6.b.ii. for buffers and

gated-buffers. (Some of the buffers are gated in phase2

PN LTRSS

because they are required to buffer the phase2 controls.)
(¢) FLOOR PLAN

Refer to Figure B.6.c.

(d) CIRCUIT SCHEMATIC
Refer to Figure B.6.d.i. for gated and

non—gated buffers. The schematic of the AND-OR plane is

SPAN PN SRS

. ! )
PEEE PR |

shown in Figure B.6.d.ii.
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SCALABLE CMOS NO. : C.2.144 DATE: 3/25/85
CELL FAMILY TITLE : INC CAR CHAIN 2 BY : GOWNI
BEIGHT : 64 VWIDTH : 48
TRUTH TABLE LOGIC EQUATION(S)
phase2 P CIN couT
COUT= phase2’ +
0 x 1 1
phase2.(P'+ CIN)
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TERMINAL INFORMATION

Name No. Location Layer Abbr.
Passl 1,10 (-2,13) (44,18) gp P1
Pass2 11,12 (-2,50) (41,64)(gp)(fm,ip,gp) P2
Voltage Supply 5,15, (0,0) (48,0) (fm,sm) (sm) VDD
25,35 (48,64) (0,64) (sm)(fm,sm)
Phase2 7,17 (7,0) (7,64) fm,ip,gp ']
Ki111 2,20 (-2,17) (44,14) gp ¢
Kil12 22 (-2,45) §p K2
Carry-in 1 3 (35,1) fm,ip,sp CIN1
Carry-in 1’ 13 (51,5) fa CIN1'
Carry—-in 2 24 (44,49) g8p CIN2
Carry-out 2 14 (13,64) fa COoUT2
Carry—-in 2' 23 (44,43) 5P CIN2'
Ground 6,16 (0,32) (39,32) (fm,sm) (fm) GND
NOTES

W/L of the pass transistor is 3:1. This carry chain is
used every fourth stage with EX-OR circuit being
evaluated from P, CIN, and CIN' instead of P, P', and
CIN'. Note that the layout is for two bits; ome stage
contains the buffered CIN and the other is similar to the
one in INC CAR CHAIN 1.
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SCALABLE CNOS NO. DATE: 3/25/85
CELL FAMILY TITLE : INC CAR CHAIN 1 BY GOVWNI
‘ HEIGHT : 64 VWIDTH : 48

C.2.i

TRUTH TABLE LOGIC EQUATION(S)

phase2 P CIN couTrT
COUT= phase2' +
0 X 1 1 .
phase2.(P’'+ CIN)
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

TERMINAL INFORMATION

. ' K
At e s et

Name

Passl
Pass2

Voltage Supply

Phase2
Killl
Kill2

Carry-in 1
Carry-in 1'
Carry-in 2’
Carry-ount 2

Ground

No.

1,10
11,12
5,158,
25,35
7,117
2,20
22,23

13

14
6,16

Location Layer Abbr.
(-2,15) (48,22) gp P1
(-2,50) (48,44) gp P2
(0,0) (48,0) (fm,sa) (sm) VDD
(48,64) (0,64) (sm)(fm,sm)

(7,0) (7,64) fa,ip,gp #
(-2,19) (48.18) gp K
(-2,45) (48,48) gp K2
(14,-1) fm CIN1
(44.,9) fa CIN1"’
(46,40) fm CIN2'’
(34,64) 8P COUT2
(0,32) (48,32) (fm,sm)(fm) GND

NOTES

Note that the layout shows 2 bits of the carry-chain;

therefore the

bits. The W/L ratio of the pass
COUT of this stage is
become the CIN of

cell INC

CAR CHAIN 2.

terminal information

(except the buffered

sctive

drive for the

buffered (every
the next stage which

Also, the TIN

section is

for two

transistor is 3:1. The

stage) is inverted
EX-OR circuit.

of

four stages) to
is shown in the
every
to provide the

stage
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SCALABLE CNOS NO. : C.1 DATE: 3/25/85 X
CELL FANMILY TITLE : INC I/P LATCH BY : GOWNI -
HEIGHT : 32 VWIDTH : 66 ;5
TRUTH TABLE LOGIC EQUATION(S)
phasel Y P
0 x Ps
1 0 0 P = phasel.Y
1 1 1 + phasel’.P*
TERMINAL INFORMATION
Name No. Location Layer Abbr.
Data input 1,10 (0,13) (66,13) (fm,sm)(sm) Y
Ground 2,22 (0,0) (66,0) sm GND
Voltage Supply 12,32 (0,32) (66,32) sa VDD
Phasel 3,13 (7,0) (71,32) (fm,ip,gp) (fm) ¢1
Phasel’ 4,14 (14,0) (14,32) (fm)(fm,ip,gp) ¢1'
Phase2 5,15 (52,0) (52,32) fm ¢2
Phase2’ 6,16 (59,0) (59,32) (fm)(fm,ip,gp) ¢2'
Output 8 (68,19) 8P P
Output’ 7 (68,14) gp P’

NOTES

This is a <classic CNOS 'D’ Latch. The input is the
previous microprogram address, sampled in phasel, and
the output of the latch is stable when the ophase2
foedback switch closes.
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operating voltages if voltages applied to input or output
pins casuse forward-biasing of pn junctions within the <chip.
The resulting high curreats may cause permanent damage to
the circuits.

The obvious solutiom to latch—up problems is to
prevent junctions from ever becoming forward-biased, anmd to
limit externally applied voltages at levels safely below VC,.
In practice this proves to be virtually impossible, due to
the many spurious signals that occasiomally occur in digital
systems. Practical soluations to the latch-up problem is to
reduce bipolar tansistor current gain, reduce the values zof
R1 and R2 , and connect p-well to ground and n-substrate to
+V at regular intervals. Well <contacts [9] at regular
intervals reduce the current path for majority carriers in
the substrate, thus reducing the IR product (where I is the
curremt and R is the resistance). This results in reduced
bias voltage for the bipolar tramsistors, which turas them
off. Circuits coanected to input and output pins are most
critical with respect to latch-up. When power is switched on
snd off, voltages applied to the pins of a chip frequently
go outside the normal range. This can cause latch-up.

Care must be takenm to provide well contacts for each
cell. However, if the cell is small (less than 40 1lambda
[91), it should at least be designed in such a way so as to

share the well contacts of the neighboring cells.
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both bits (except for the INC LOGIC LSB); however, the
Frnth-ttblo and logic equation(s) sections are included only
for one bit of the circuit. X* denotes the previous state of
the data X. A '.,' between two operands im the logic
equation(s) section indicates a logical 'AND' operation and
a '+' indicates a logical 'OR’ operation. The layouts should :j

be designed in such a way as to avoid the latch-up [2]

problem as explained below.

C.a. CMOS LATCH-UP . ‘ :

A classic problem with CﬁOS integrated circuits is il
the undesired and potentially troublesome parasitic bipolar
transistors which will comduct if ome or more of the »pn 0
junctions become forward-biased. Refer to FIG.C.a which s
makes it clear that a pnp transistor is possible with the _{
n—-type body-as its base, while an apn transistor is possible
with an n+ source or draim electrode as its emitter, the ;i
p~well as its base, and the -n-type substrate as its
collector. The parasitic resistors Rl and R2 originate in
the bulk semiconductor material of the body and the p—-type
well. Low values of resistance are desirable in order to

make it more difficult to forward-bias jumctionms.

Sl

Above some <critical voltage (forward-biased
emitter—-base jumctiom voltage) VC, both bipolar tramsistors

begin to conduct and the current rises sharply from leaksge

PGP

levels (less tham 1 microampere) to a value 1limited by
resistors R3 and R4, often many milliamperes. This ﬂ

phenomenon is known as LATCH-UP. It can occur even at normal

a0
l. o

[ st

g o
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APPENDIX C : 3
CELL LIBRARY .
The cell library documents the layouts of all the 0

cells used in this design. It provides the truth-table,
logic equation(s), terminal information, and notes section
for each layout followed by the 1logic diagram and circuit
schematic for the corresponding layout. Finally, the layout B
is included with terminal numbers marked on it amnd the
information pertaining to these numbers is obtained in the
terminal informatién section. Circles on the layouts ;
correspond to the exact locatiom of that particular terminal A
and a triangle indicates that it is the reference point for
the layout. The design rules used im this project are
scalable and the basic unit of length measurement is called
lambda. -
The aspect ratjo (W/L) of a device is 2:1 unless
otherwise specified. L is equal to 1.2 microns or 3 microns,
depending upon the process of fabricating the chip. Note .
that for simplicity the truth—tables do not <contain the :
states that are not allowed. The four main layers [5] aused
for interconnections are the first metal (fm), the second -
metal (sm), the gate poly (gp), and the intercomnnect poly
(ip). The terminal information section includes the name of
the terminal, the terminal aumber, comnecting media
(specified by the layer name) and the abbreviation for the
terminal name. The layout for the carry chain includes two

bits of the carry chain circuit but the logic is same for .
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B,7, ADR? ', ATCHES
Refor to Figure B.7 for the logic diagram.
Tie ADF field of the microinstruction could be used iy
as an explicit address source or as a count for looping. It
is sampled in ophase2 and available as stable outpat in
phasel.
The 12-bit ADF Latches output (A) is used as an '1
address source for MUX1l. The 8 least significant bits of ‘A’
are used as a count (N)., The schematic has not besen included

since it consists of inverters and switches whose schematics .

hav; been shown previously with respect to other macros. ;‘
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SCALABLE CMOS  NO. : C.3 DATE: 3/25/85 A
CELL FANILY TITLE : EX-OR BY : GOWNI -
HEIGHT : 32 WIDTE :25 8
TRUTH TABLE LOGIC EQUATION(S) 1
P CIN X -
B
o]
0 0 0 )
0 1 1 J
X = P.CIN' + CIN.P’
1 0 1

. s
AR

TERMINAL INFORMATION

Name No. Location Layer Abbr.

Pass 1 (-2,23) gD P

Pass' 10 (-2,11) 8P P’

Voltage Supply 4,14 (0,32) (25,32) (sm)(fm,sm) VDD

carry-—in 2 (0,17) fa CIN

Output 3 (27.15) ' fm X -

Ground 5,15 (0,0) (25,0) (fa,sm) (sm) GND -]
NOTES

X is the exclusive-OR of P and CIN, Note that the EX-OR 4
is evaluated in a differeat way with the carry-chain N
which has its CIN buffered. Note that the logic is same ;
in both cases but the interconnections (between the D

carry-chain and the EX-OR circuits) are differemt. This -
is done in order to save layout area. Note that X is I ‘
for INC macro and D for DEC macro. —4
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3 SCALABLE CMOS NO. : C.4 DATRB: 3/25/85 -]
- CELL FAMILY TITLE : INC O/P LATCH BY GOWNI ]
& HEIGHT : 32 VIDTH : 97 -
- TRUTH TABLE LOGIC EQUATION(S) g
g :
E phase2 I C IOP IOP SA Y »
i- Y = SA', Ys 24
L 0 x 0 IOP* x 0 Y g
& + SA . IOP -
2 0 z 1 0 0 1 0 .
f IOP = phase2’.C'.IOP® ]
1 0 0 o 1 1 1 - i

+ C' + phase2 . C'.1 -

1 1 0 1 i

TERNINAL INFORMATION i

Name No. Location Layer Abbdr. f

Data input 1 (0,16) fa I -

Ground 2,22 (0,0) (97,0) sa GND )

Voltage Supply 12,32 (0,32) (97,32) sm VDD R

Phase2 3,13 (7:0) (1.32) (f.oipp'p)(f.) ’2 .1

Phase2’ 4,14 (14,0) (14,32) (fm)(fm,ip,gp) ﬂz' o

Phasel’ 5,15 (52,0) (52,32) (fm)(fm,ip,gp) ¢1 79
Phasel 6,16 (59,0) (59,13) fm g ;ﬂ

Address 7,17 (0,14) (97,14) s= Y -

Output 10 (94,20) fa,ip,gp I0P .

Select IOP 8,18 (80,0) (80,32) (fm,ip,gp) (fm) SI =

Clesr/Increment 9,19 (87,0) (87,32) (fm,ip,gp) (fm) C a

NOTES ﬁ

This is a classic CMOS 'D’ Latch. The output of EX-OR in :l

the INC LOGIC (I) is the input, sampled in phase2, and is -ﬂ

stable when the phase2 feedback switch <closes. The fq

Cleasr/Increment (C) signal is a phasel control from PLA,. A

The output of the INC O/P LATCH (IOP) is cleared whea C .

is high. The Select IOP (SI) is a control from PLA to -

MUX1 which is implemened as a distributed bus structure. o

VYhen high selects the IOP as the microprogram address(Y). -

W/L ratio of the N—transistor, that oclears the IOP, is -:

4:1 gince it has to overcome the P-transistor of the .

3 second inverter stage of the INC O/P LATCH, C is 0 in .%
g phase2. :3
Zq

. ;%
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SCALABLE CMOS NO. : C.5§ DATE: 3/25/8S k
CELL FAMILY TITLE : INC LOGIC LSB . BY : GOVWNI »
HEIGHT : 32 WIDTH : 70 x5
TRUTH TABLE LOGIC EQUATION(S)
phase2 PO CoUToO 10
0 0 1 1 N
COUTO = phase2’ + . =3
0 1 1 0 -
phase2.PO o
1 0 0 1 o
1 1 1 0 10 = PO’ 3
TERMINAL INFORMATION ;
Name No. Location Layer Abbr.
Pass0 1 (0,14) f=,ip.gp PO
OQutputl 2 (70,15) fa I0
Passl 7 (-2,51) gD P1
Killl 8 (-2,47) 5P K1
Outputl 9 (72,47) fa I1 %
Voltage Supply 5,15, (0,0) (0,64) sm vDD .
25,35 (70,0) (70,64) (sm)(fm,sm) ;
Phase2 4,14 (7,0) (7,64) (fa)(fm,ip.gp) ¢ -
Carry-out 1 3 (14,64) fa chur1 :
Ground 6,16 (0,32) (70,32) 3= GND

NOTES

This is the least significant stage of the INC LOGIC in -
INC macro. The carry—-out of this stage is the carry-in to .
the first stage. The layout shows the INC LOGIC LSB along

with the first bit of the carry chain. Hence the terminal
information section includes both the stages.

~
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SCALABLE CMOS No. : C.6 DATE: 3/25/85
CELL FANILY TITLE SS INTERFACE BY GOVWNI

HEIGHT : 32 VWIDTH : 50

TRUTH TABLE LOGIC EQUATION(S)

$1F IOP DF F SF Y
0 x DF* x 0 Yo Y = SF.F + SF'.Y*
1 0 0 0 1 o0 DF = @$1F’'. DF*
1 1 1 1 1 1 + $1F.IOP

TERMINAL INFORMATION

Name No. Location Layer Abbr.
Input 1 (-2,19) fm I0P
Ground 2,22 (0,0) (50,0) sm GND
Voltage Supply 6,16 (0,32) (50,32) sm VDD

Phasel Forward 4,14
Phasel Forward’' 5,15

(36,0) (36,32) (fm,ip,gp)(fm) @G1F
(43,0) (43,32) (fm)(fm,ip,gp) FI1F’

Data to 8 (50,20) fa,ip,gp DF
Stack top ’
Datas from 7 (52,14) 3] F
. Stack top
Select F 3,13 (7,0) (7.32) (fm,ip,gp) (fm) SF
Address 9,19 (0,14) (50,14) (fm,sm)(sm) Y
NOTES

This is the

interface between the INC and SS macros.The
input is the incremented output (IOP) if it is a PUSH
operation or stack top (F) if it is a POP operation. The
Select F (SF) is a control from the PLA to MUX1l, which
when high, selects the stack top (F) as the microprogram
sddress.
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SCALABLE CMOS NO.
CELL FAMILY TITLE
HEIGHT

TRUTH TABLE

(DF + DB) @2B @2F QB

-

x 0 ] QB*
x 1 1 not
0 1 0 0
1 1 0 1
0 1 1 QB*
1 0 1 QB*

c.7 DATE: 3/25/85
PD STACK (1/2_) BY : GOWNI
32 WIDTH : 42
LOGIC EQUATION(S)
QF
QB = @g2B’ .QB*
QF* + §2B(DF+DB)
allowed QF = @2F'. QF*
QF* + @2F.(DF+DB)
QF *
0
1

TERMINAL INFORMATION

Name No.
Input from 1
the left half

Input from 6
the right half

Output to 9
the left half

Output to 8
the right half

Phase2B 4,14
(PhaselB)

Phase2B’ 3,13
(PhaselB"’)

Phase2F 5,15
(PhaselF)

PhaselF'’ 6,16

(PhaselF’)
Voltage Supply 12,32
Grouad 2,22

Location
(-2,19)
(44,14)

(0,13)

(42,20)

(14,0) (14,32)
(7.0) (7,32)
(28,0) (28,32)
(35,0) (35,32)

(0,32) (42,32)
(0,0) (42,0)

—— i ————

NOTES

Layer Abbr.
[§:] DF
gp DB
fm,ip.,gp QB
fm,ip,gp | QF

(fm,ip,gp) (fm) F2B
(fm)(fm,ip,gp) #2B’
(fm,ip,gp)(fm) @2F
(fm) (fm,ip,gp) P2F'

sm VDD
sm GND

This is half-word of a push-down stack. Names within the
psrantheses apply to the next hslf-word of the stack.
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SCALABLE CNOS NO. : C.11 . DATE: 3/25/85
CELL FAMILY TITLE : AND BY : GOWNI
HEIGHT : 60 VWIDTH : 10

TRUTH TABLE LOGIC EQUATION(S)
A B A
Z = (A.B)'
0 0 1
0 1 1
1 0 1
1 1 0 g
TERMINAL INFORMATION
Name No. Location Layer Abbr.
AND Plane 1,11 (10,15) (0,15) (fm,ip.,gp)(fm) A
input A
AND Plane 2,12 (10,22) (0,22) (fm,ip,gp)(fm) B
input B
Output 3 (5,36) fm,sm YA
Phasel 6,16 (-2,9) (12,9) 8D ”1
7;17 (‘2)50) (12:50) sp
Voltage supply 4,14 (0,60) (10,60) fm VDD
Ground 5,15 (0,0) (10,0) fm GND
NOTES

The actunal AND-plane in the PLA comsists of twelve inputs
and eighteen outputs. The AND-plame is a-type and
programmed inm poly. Well comtacts are not shown im this

circuit

total AND-plane.
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SCALABLE CMOS NO. : C.10 DATR: 3/25/8S
CELL FAMILY TITLE : BUS PRECHARGE BY : GOVWNI
HEIGHT : 32 VWIDTH : 14
TRUTH TABLE LOGIC EQUATION(S)
phasel Y
0 1 Y = phasel’
1 (A+I+F+M) + phasel, (A+I+F+M)
TERMINAL INFORMATION
Name No. Location Layer Abbr.
Address 1.5 (0,13) (14,13) fm,sm Y
Phasel 3,13 (7,0) (7,32) (fm) (fm,ip.gp) §
Voltage Supply 4,14 (0,32) (14,32) (fm,sm) (sm) VDD

Ground 2,22 (0,0) (14,0) sm GND

NOTES

MUX1 is implemented as a distributed bus structure. The

oustput of MUX1l, which is the microprogram address Y, runs
horizontally as a bus across the microsequencer <chip.
This address dbus (YY) is precharged high in phasel’ and
conditionally discharged in phasel. The BUS PRE cell is
used to precharge the address bus. The W/L ratio of the
P-transistor is 4:1 since it has to precharge a large
capacitance on the bus.
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SCALABLE CNOS  NO. c.9 DATE: 3/25/85
CELL FAMILY TITLE : NAP BY : GOWNI
HEIGHT : 32 WIDTH : 19
» ————
TRUTH TABLE LOGIC EQUATION(S)
N SN Y |
Y = SM'.Y*
» < 0 - + SM.M
0 1 0
1 1 0
TERMINAL INFORMATION

|

%
.
P u

Name No. Location
Address 1 (0,7)

Mapped output 5 (14,7)

Select M 3,13 (7,0) (7,32)
Voltage Supply 4,14 (0,32) (19,32)
Ground 2,22 (0,0) (19,0)

Layer Abbr.
fn Y
fm M
(fm,ip,gp)(fm) S
sm VDD
(sm)(fm,sm) GND

NOTES
The 5 least significant bits of the mapped output (M) are
the op-code bits and the 7 most significanmt bits are
cleared to zero. The Select M (SM) is a control from the
PLA to MUX1 in phasel which, when high, selects the
mapped oatput as the microprogram address (Y). SM is 0 in

phasel’.
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SCALABLE CMOS NO. : C.8 DATE: 3/25/85 ;b
CELL FAMILY TITLE : ADF LATCH BY : GOWNI o
HEIGHT : 32 VWIDTH : 87 o
4
)
TRUTH TABLE LOGIC EQUATION(S) .
]
phase2  ADF A SA A Y 5
A = phase2'.A® )
0 x A* 0 x Ye + phase2.ADF B
1 0 0 1 0 0 Y= SA’'.Y* -
1 1 1 1 1 1 + SA.Y 1
TERMINAL INFORMATION
Name No. Location Layer Abbr.
Datas input 1 (0,16) fm ADF
Ground 2,22 (0,0) (87.,0) sa GND
Voltage Supply 12,32 (0,32) (87,32) snm VDD
Phasel 6,16 (59,0) (59,32) fm ’1
Phasel’ 5,15 (52,0) (52,32) (fm)(fm,ip,gp) ’1' .
Phase2 3,13 (7,0) (7,32) (fm,ip.gp) (fm) A -1
Phasel' 4,14 (14,0) (14,32) (fm)(fm,ip,gp) ﬂz. R
Address 8,18 (0,13) (87,13) sm Y .
Output 9 (87,22) sm,fm A
Select A 7,17 (80,0) (80,32) (fm,ip.gp)(fm) SA
4
NOTES -1
.\'!
This is s classic CMOS 'D’ Latch. The input is the ADF -]
field of the previous microinstruction (ADF), sampled in )
phase2, and becomes a stable output (A) when the ophasel -~
feedback switch closes. The Se'ect A (SA) is a control .
from the PLA to MUX1 in phasel which, when high, selects }
the ADF Latches output (A) as the microprogram address. -~
a
ettt - 3
s -
::1

—‘v_'__f‘l
L e e

. RN
Vel [ e et e
P el at . atia oA atstAS "




PO AFE SEai St a2

149

TP I rwY

B L banl g Aedh - md adi e -

16

15

14

13

(1/2)

L P T T L P I T UL Y
il WA Vil WA LAY Vil UL G L WA Sl Yt SN UL W

h'4
Q
<
_II.
)
O
a.
~.
<
O
(@)
1§
v

[4R)]
—

i

O

n

A laa s

PP

U S T W Y




3

! o o)

{ 3

! — .

¢ (2/1)%7035 Od 30 213oWeyds 31N3JL]

f B _ ,..A....
.u_u @22 T o

] L

] (S1 *5) ded “ “ (v1°v)azg

_ ®) 40 | — 6> a0 o
- 11 %
s S ;

91 ') , 42¢ ,ﬁ ,_\ (€1 °e) ,a2d

(2/1)%203S Od j° soLmowo oﬂmOJ aaa (Z€ 21> adA @m%
ya
(®aa < > 10
08 2 3 @gn . 4))
d2g | seg
ad ‘ Ja




AR Tt Jastedhare it i St Jautic oottt vt SRt ok bt Sl B ST S Y I e s A a0 S0 B e ara
. . - - - . - N I e e I . R B -

162
SCALABLE CNMOS NO. : C.12 DATE: 3/25/8S5
CELL FAMILY TITLE : OR BY : GOWNI
HEIGHT : 39 VWIDTH : 8
TRUTH TABLE LOGIC EQUATION(S)
X Y ]
s = (X.Y)'

0 0 1

0 1 1

1 0 1

1 1 0

TERMINAL INFORMATION
Name No. Location Layer Abbr.
OR Plane 1,11 (-4,27) (12,27) gp X
input X
input Y

Output 3,13 (0,0) (0,39) fm S
Phasel’ 7,117 (0,14) (9,14) 3]
Voltage supply 4,14 (8,23) (8,39) (sm)(fm,sm) VDD
Ground 5,15 (0,0) (10,0) ° (sm)(fm,sm) GND

NOTES

The power supply runs in first metal between two output
lines spaced 16 lambda apart. The actual OR-plane has 18
inputs and 17 outputs. The 1layout shows only one output
line. The OR-plane is p—-type and programmed im active.
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SCALABLE CHOS NOC. : C.13 DATE: 3/25/85
CELL FAMILY TITLE : PLA I/P LATCH BY : GOWNI
BEIGHT : 37 VWIDTH : 63
TRUTH TABLE LOGIC RQUATION(S)
phase2 D Q
0 X Qe
] 1 0 0 Q = phase2’.Q?*
E' 1 1 1 + phase2.Q
%
TERMINAL INFORMATION
Name No. Location Layer Abbr.
Data iaput 1 (63,18) fm D
Ground 9,19 (0,0) (63,0) sm GND
Voltage Supply 8,18 (0,37) (63,37) sm vDD
Phasel 3,13 (7,0) (7,37 fm ’1
Phasel’ 4,14 (14,0) (14,37) (fm)(fm,ip.gp) ﬂl'
Phase2 5,15 (51,0) (52,39) (fm,ip,gp)(fm) §,
Phase2’ 6,16 (57,-2)(58,37) (fm)(fm,ip,gp) ﬁz'
Output 8 (~-2,23) gp Q
Output’ 7 (-2,27) 5] Q'

NOTES

This is a CMOS 'D’ Latch. The ‘input can be one of the four
BR field bits or the test flag T. The input is sampled in
phase2 and is stable in phasel whea the feedback switch
closes. Sampling time is phase2’'®*phasel’ for T input. The
devices in the inverters of the latch have W/L ratios of
3:1.
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SCALABLE CMOS NO. : C.14 DATE: 3/25/8S ﬁ
CELL FAMILY TITLE : PH1 BUF BY : GOWNI ﬁ
HEIGHT : 42 VIDTH : 46 ;’

TRUTH TABLE LOGIC EQUATION(S) - -

D Q ?

0 0 g

1 1 Q=D -

TERMINAL INFORMATION =

Name No. Location Layer Abbr. ;
Dats iaput 1 (23,42) fm,ip,gp D 3
Ground 2,3 (0,30) (46,30) (sm)(fm,sm) GND R
4 (46,15) , fm -]

Voltage Supply 5,6 (0,0) (46,0) (fm,sm) (sm) vDD '{
7 (0,15) fa e

Output 8 (23,0) fa,ip,gp Q -]
Output’ 9,10 (16,0) (30,0) fm Q' N
i

R ~
NOTES 3

The W/L ratio of the devices used in the inverters of the

4

L
buffers is 6:1 since the buffers have to drive large -
capacitances in the microsequencer logic. The inputs to :
these buffers are the OR-plame ocuntputs and the buffered
outputs ripple through in phasel to control the phasel
microsequencer logic.
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SCALABLE CMOS NO. : C.15 DATE: 3/25/8S
CELL FAMILY TITLE : PH2 BUF BY : GOVWNI
HEIGHT : 58 VWIDTH : 46

TRUTH TABLE LOGIC ERQUATION(S)
phase2 D Q
0 b 4 1
1 0 0 Q = phase2’
1 1 1 + phase2.D

TERMINAL INFORMATION

Name No. Location Layer Abbr.

Data input 1 (23,57 fm,ip,gp D

Ground 2,3 (0,30) (46,30) (sm)(fm,sm) GND
4 (46,15) fm

Voltage Supply 5.6 (0,0) (46,0) (fm,sm) (sm) VDD
7 (0,15) fm

Output 8 (23,0) fm,ip,gp Q

Output’ 9,10 (16,0) (30,0) fm Q’

Phasel 3,13 (0,50) (46.,50) sm ¢1

Phasel’ 4,14 (0,58) (46,58) sm Dlo

Phase2 5,15 (0,42) (46,42) sm ﬂz

NOTES

The W/L ratio of the devices used in the inverters of the
huffers is 6:1 since the buffers have to drive large
capacitances in the microsequencer 1logic. The inputs to
these buffers are the OR-plane outputs and they are gated 1
in phase2 to drive the phase2 controls. :

1
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SCALABLE CNOS NO. : C.16 DATE: 3/25/85
CELL FAMILY TITLE : DEC LATCH BY : GOWNI
HEIGHT : 32 VWIDTH : 42

TRUTH TABLE LOGIC EQUATION(S)
MD' L L’
0 1 0
1 0 0 L = MD

TERMINAL INFORMATION

Name No. Location Layer Abbr.
Data input 1 (2,19) gp MD'
Ground 2,22 (0,0) (42,0) sm GND
Voltage Supply 12,32 (0,32) (42,32) sm VDD
Phase2 5,15 (28,0) (29,34) fm ¢2
Phase2' 6,16 (35,0) (35,32) (fm)(fm,ip.,gp) ﬂzo
Output 8 (44,15) gD - L
Output’ 7 (44,19) gp L'
NOTES

This is a classic CMOS ‘D’ Latch. The inpat is the
inverted output of DEC MUX (MD'), and the output (L) of
the latch is stable when the phase2 feedback switch
closes, MD is the output of DEC MUX,
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SCALABLE CMNOS NO. : C.17.14 DATE: 3/25/8S
CELL -FAMILY TITLE : DEC CAR CHAIN 1 BY : GOWNI
HEIGHT : 64 VWIDTH : 48
TRUTH TABLE LOGIC EQUATION(S)
phase2 P CIN couT
COUT= phase2’ +
0 x 1 1 .
phase2.(P’'+ CIN)
1 0 0 1
1 0 1 1
1 1 V] 0
1 1 1 1

TERMINAL INFORMATION

Name No. Location Layer Abbr.
Passl 1,10 (-2,15) (48,22) gp P1
Pass2 11,12 (-2,50) (48,48) gp P2
Voltage Supply 5,15, (0,0) (48,0) (fm,sm)(sm) VDD
25,35 (0,64) (48,64) (fm,sm)(sm)
Phase2 7,17 (7,0) (7,64) fm,ip,gp [
Ki1l11 2,20 (-2,19) (48,18) gp B K
Kill2 22,23 (-2,45) (48,44) gp K2
Carry-in 1 3 (14,-1) fm CIN1
Carry-in 1° 13 (44,9) fn CIN1'’
Carry—in 2’ 4 (46,40) fa CIN2'
Carry-out 2 14 (34,64) ['3) COUT2
Ground 6,16 (0,32) (48,32) (fm,sm)(fm) GND
NOTES

The W/L ratio of the pass transistor is 3:1, The COUT of
this stage is buffered (every four stages) to become the
CIN of the next stage which is shown in the cell DEC CAR
CHAIN 2., This cell is similar to the cell INC CAR CHAIN
1, without the kill and evaluation devices.




A

(RN

e

PN

~ BTN,

178

T NIVH] ¥vV] 230 jo Jj3ouwsyds 3inaJdi)

(E1) ,INID oAmw,

(01°'Dd

(02 °2) 1

() ,2NID oA

@r'ted

(E2 ‘22) e

(EY INID
1=, 1d=1)
11=1d
|
E=1/A ] 1d
*IN
, _ _ QoA

Teg

l
m..._\ﬂ_ 2d

4 |
(GE "G2 °S1 ')

L oo

¢v2in0a Vv .JﬂWAxhﬂ.sv

1 NIVHD ¥vJ 230 jo woduborg o160n

INID
LINID Anxxnmu
1d €
:/ 1d
n € ™
d QoA
)
sNZHU s
| 2NI3
2d €
:/ 2d
A < A
d QoA
> N\
21n00 ¥ -

-

A e S e s,

LR

o>

—a




179

AL S B e Sene i sanee ae |
-

p % M ATAY
3 | ﬂll.M.H.I.,“... ~
i R _..W: @ |
I S _:Wui]._1 _.mw _.2_.-.,.1;1_ r_ﬂ_ M. 5 +||U|_ _
9 1 1. =
.” 1 A IR T L SR I R T g
g T D_ = ] e L N ;lb S _“ ] _ﬁx - lal _,i | z =
g L o R O NN IR o iy < o
R (R p [ 1 RN R e % 3
: St o R 5 it e A s = I . :
g ___ U " H_l R B 1 -} Lo < g
Oits R = RSN e Yl s O [T Y o %
OO - A s P 0 X
i U o O R I T T R O - T
__!_m; BRIE =) ! i ! . N b
! I B ﬂ — , | " > R
. o [ el e 1 B 10 i 11 S |
N i _ &
g L i S e B ] o 1= ] "
b l..“.lﬁ I . _w . " oy _l IH_ _. L A
. e ] O | S T I ] R R R T 0
s - O o R PV 7 :
2
. 1




AR R St S SagC A A e A Sadb Sadh M A A S S ol PRt AiatiteRie - Sa e T e Ao MAn JNe Svn It A At It S Bgin
180
b.
SCALABLE CMOS NO. : C.17.44 DATE: 3/25/85
CELL FANILY TITLE : DEC CAR CHAIN 2 BY GOWNI
- HEIGHT : 64 VIDTH 48
b
TRUTH TABLE LOGIC EQUATION(S)
phase2 P CIN couT
, COUT= phase2’ +
» 0 x 1 1
| phase2.(P’'+ CIN)
1 /] 0 1
1 0 1 1
o 1 1 0 0
! 1 1 1 1
)
:
‘ TERMINAL INFORMATION
r. Name No. Location Layer Abbr.
E Passl 1,10 (-2,13) (44,18) gp P1
Pass2 11,12 (-2,50) (41,64)(gp)(fm,ip,gp) P2
Voltage Supply 5,15, (0,0) (48,0) (fon,sa)(sm) vDD
25,35 (0,64) (48,64) (fm,sm)(sm)
. Phase2 7,17 (7,0) (7,64) fm,ip.gp ]
» Ki111 2,20 (-2,17) (44,14) gp 'SE
: Carry—~in 1 3 (35,1) fm,ip,gp CIN1
i Carry—~in 1' 13 (42,6) fm CIN1'
Carry—~in 2 24 (44,49) (3] CIN2
y Carry-out 2 14 (13,64) fm COUT2
! Carry~in 2' 23 (44,43) 3] CIN2'
: Ground 6,16 (0,32) (48,32) (fm,sm)(fm) GND
)
! NOTES
P The W/L of the pass transistor is 3:1. This carry chain
: is used every fourth stage with the EX-OR circuit being
, evaluated from P, CIN, and CIN' instead of P, P', and
' CIN. Note that P’ is same as K. CIN and CIN’ are obtained
' from the buffer as shown in the logic diagram and the
L circuit schematic on the following page. This cell s
+ similar to the cell INC CAR CHAIN 2, without the kill and
b evaluation blocks.
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SCALABLE CNOS NO.
CELL FAMILY TITLE
HEIGHT

c.18 DATE: 3/25/85
DEC 0/P LATCH BY GOWNI
32 VIDTH 66

TRUTH TABLE

LOGIC EQUATION(S)

phase2 D DOP

0 z DOP*

0 0 0

IOP = phase2'.DOP*
1 1 1
+ phase2.D
TERMINAL INFORMATION
Name No. Location Layer Abbr.
Data input 1 (66,17) fm D
Ground 2,22 (0,0) (66,0) sm GND
Voltage Supply 12,32 (0,32) (66,32) sa VDD
Phase2 3,13 (59,0) (59,32) (fm,ip.gp) (fm) ’2
Phase2’ 4,14 (52,0) (52,32) (fm)(fm,ip.gp) #.
Phaseol 5,15 (14,0) (14,32) fm 1
Phasel’ 6,16 (7,0) (7,32) (fm) (fm,ip,gp) 9.
Output 7 (66,11) sm DbP
NOTES

This is a2 classic CMOS ‘D’

EX-OR circuit in the
phase2 and is stable
closes.

Latch.
DEC LOGIC is

when the phasel

The output (D) of the
the input, sampled in
feedback switch
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SCALABLE CX¥OS NO. c.19 DATE: 3/25/85
CELL FAMILY TITLE DEC LOGIC LSB BY : GOVWNI
HEIGHT 64 VWIDTH 70
TRUTH TABLE LOGIC EQUATION(S)

phase2 PO COUTO DO

0 0 1 1

COUTO = phase2’ +
0 1 1 0
phase2 .PO’
1 0 1 0
1 1 0 1 DO = PO
(where PO=L0"')
TERMINAL INFORMATION
Name No. Location Layer Abbr.
PassO 1 (-2,13) 8P PO
OutputO 2 (70,17) fm DO
Passl 7 (-2,51) gD P1
Killl 8 (-2,47) ot K1
Outputl 9 (72,47) fm D1
Voltage Supply 5.15, (0,0) (0,64) sm VDD
25,35 (70,0) (70,64) (sm)(fm,sm)

Phase2 4,14 (7,0) (7,64) (fm) (fm,ip,gp) #
carry-out 1 3 (14,64) fm chuT1
Ground 6,16 (0.32) (70,32) (fm,sm)(sm) GND

This is the least significant

the DEC macro. The
carry-in to the firs

LOGIC LSB along
the one

(similar to

with the

NOTES

carry-out of

t stage. The

in DEC CAR

stage of the DEC LOGIC
stage is the
shows the DEC
he carry <chain
1). Hence the

this
layout

first bit of t

CHAIN

terminal information section includes both stages.
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SCALABLE CNOS NO. : C.20 DATE: 3/25/85
. CELL FANILY TITLE : ZD BY : GOWNI
HEIGHT : 32 WIDTH : 8 '
TRUTH TABLE LOGIC EQUATION(S)
L7 L6 LS L4 L3 L2 L1 LO Z
1} 0 0 0 0 0 0 o0 1
b
s
- 0 . . . . . . 1 0 Z = (LO + L1 +.,L7)"’
3 . . -
3 1 1 1 1 1 1 1 1 0
g
é‘
- TERMINAL INFORMATION
. Name - No. Location Layer Adbbr.
[ Voltage supply 1,2 (0,32) (8,32) sm VDD
Ground 3,4 (0,0) (50,32) sm GND
Common drain 5,6 (8,0) (8,32) fm z
. node (ZD output)
X Common source 7.8 (0,0) (0,32) fm X
N node
' Input 9,19 (-2,11) (10,11) gp L
%. Input’ 10,20 (-2,15) (10,15) gp L’

NOTES

This cell shows only one input of the ZD. Actually, ZD is
an array of 8 such cells in positive y directiom. The
circuit schematic on the next pasge shows the ©precharge
and evaluoation devices whose layouts are shown in the
cell ZD LSB. The inputs to the ZD are the 8 bits of LCR
(L).
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SCALABLE CNOS NO. C.21 DATE: 3/25/8S5§
CELL FANILY TITLE : ZD LSB BY : GOVWNI
HEIGHT : 32 VIDTH : 33
TRUTH TABLE LOGIC EQUATION(S)
phase2 YA
Z = phase2
0 1
+ phase2.(LO+L1+..L7)"'
1 (LO + L1 ,.+L7)"'

TERNINAL INFORMATION

Name . No. Location Layer Abbr.
Phase2 5 (15,0) ) fm g
Voltage Supply 3,13 (0,30) (33,30) (sm)(fm,sm) VﬁD
23 (33,15) fa
Ground 4,14 (0,0) (33,0) (fm,sm) (sm) GND
24 (0,185) fn
Common drain 1 (26,30) fa A
node (ZD output)
Common source 2 (8,30) fm X
node
NOTES

This cell consists of the precharge and the evaluation
devices for the cell ZD.
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SCALABLE CMOS  NO. : €.22 DATE: 3/25/8S W
CELL FAMILY TITLE : DEC MUX + LCS INT BY : GOVWNI -]
HEIGHT : 32 VWIDTH : 113 X

- 1

TRUTH TABLE LOGIC EQUATION(S) '

FOR DEC MUX FOR DEC NUX Sy

N DOP LCS2 LC LD LL ND
MD = LD.DOP + LC.N

x x x 0 0 0 MD* + LL.LCS2
z x 0 0 0 1 0
x x 1 0 0 1 1
x 0 x 0 1 0 0
x 1 x 0 1 0 1
L x b 4 1 0 0 0
1 x x 1 0 0 1
TRUTH TABLE LOGIC EQUATION(S)
FOR LCS INT FOR LCS INT
MD MD' @2F DF DF = phase2F'.DF* 3
+ phase2F . MD' i
b J b 4 0 DFe® e
o 1 1 1 R
1 0 1 0 -
]
NOTES -
The layout for this cell includes the layouts of DEC MNUX ;
and LCS INT. Truth table and logic equation(s) sections "
for these <cells are shown separately but the terminal -
information section is same as shown on the following o
page. -
3
=
-
=
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SCALABLE CNOS NO. C.22 ) DATR: 3/25/85
CELL FANMILY TITLE DEC MUX + LCS INT BY GOWNI
HEIGHT 32 WVWIDTH : 113

TERMINAL INFORMATION

Name No. Location Layer Abbr.
Decremented 1 (0,11) fa,sm DOP
output

External count 2 (-2,24) sm N
Second word of 3 (113,10) fm,sm LCS2
LCS

Load LCS2 4,14 (99,0) (99,32) (fm,ip,gp)(fm) LL
(Load LCS2)’ 24,34 (106,0) (106,32)(fm)(fm,ip,gp) LL’
Load DOP 5,15 (14,0) (14,32) (fm,ip,gp)(£fm) LD
(Load DOP)' 25,35 (7,0) (7,32) (ftm)(fm,ip.gp) LD’
Load count 6,16 (28,0) (28,32) (fm,ip,gp)(fm) LC
(Load count)’ 26,36 (35,0) (35,32) (ftm)(fm,ip,gp) LC’
Data from 7 (115,14) 8P QB
LCS top

Output to 8 (-2,19) gpP MD'
DEC LATCH

Output to 9 (115,19) gD DF
LCS top

Voltage supply 10,20 (0,32) (113,32) sm VDD
Ground 11,21 (0,0) (113,0) sm GND
PhaselF 12,22 (71,0) (71,32) (fm.ip.gp)(fm) @2F
Phase2F’ 13,23 (78,0) (78,32) (fm)(fm,ip,gp) @#2F’
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